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PREFACE 



Though the importance of Physiology in secondary schools 
is everywhere recognized, little attempt has been made to 
place the subject on an experimental basis. This book has 
been prepared in an effort to call attention to the great field 
which this subject presents for laboratory study. 

The starred topics in the following table of contents con- 
atitute a brief course covering that which is essential; and 
the optional exercises make it possible to extend the work at 
the discretion of the teacher.' The ingenuity of the teacher 
will readily suggest substitutes for the material suggested when 
the laboratory facilities of the school are inadequate. 

Some of the exercises may be made demonstrations, and 
time in school may also be saved by assigning some of the 
simpler exercises as part of the home work of the pupil. 

I wish to acknowledge the many helpful suggestions given 
me by my colleagues of the High School of Commerce and 
by members of the Columbia University faculty. I have 
idso found many useful suggestions in the works of Messrs. 
Foster and Langley, J. E. Peabody, M. L. Maey, H. Newell 
Martin, Hammarsten, Verwom, Wilson, and Schafer. 

I wish also to express my great indebtedness to Dr. E, A. 
Darhng of Harvard College and to Mr. Frank O. Payne of 
the High School of Commerce for their critical review of the 
manuscript and for the aid they have given me in its prepara- 
tion; and to my wife for great assistance in the many details 
of grammatical arrangement and mechanical labor involved 
in the work. ^ ^ j. 



• The book in its starred topics mepta the requiremonta of the New York 
tate Syllahua, and oa a, whole has been accepted by the Harvard Collega 
h mtlioritieH aa meetinc tlie ectraace requirements of that institution. 




METHOD OP EXPERIMENT 



It has been the purpose of the author so to state each 
of the following exercises as to admit of its performance 
by the pupil with a minimum amount of direction from 
the teacher. Most of the exercises should be thus per- 
formed by each pupil individually, or by two pupils to- 
gether; but of course the teacher may select as many as 
desired for performance as demonstrations before the class. 

It is essential that each pupil make a suitable record of 
all exercises performed, in a carefully prepared notebook. 
It is recommended that a separate-leaf notebook be used 
for this purpose, as this makes possible the inspection of 
one set of exercises without handhng the entire books, 
and permits the rewriting of unsatisfactory work without 
disturbing the arrangement of the book. 

It is generally agreed, too, that the book should consist 
of originalj-eports made at the time of experiment, and not 
of matter copied from original rough drafts. 

Frequent examination of all laboratory notes by the 
teacher is also essential to good work, and the proper status 
of the notebook work can be secured only by giving it a 
definite proportion in the marking of the pupil's work. 
A rubber stamp with the word "Approved" and the in- 
structor's name may be obtained of any stationer at small 
expense and will faciUtate the work of correction greatly. 
Neatness as well as accuracy and adequacy of report 
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should receive proper weight in the marking of notebook 
work. 

When the work is completed the student should prepare 
an index of drawings, records of experiments, and descrip- 
tions of demonstrations contained in the notebook. It is 
well to indicate in this index, after each title, whether the 
work was done by the pupil or observed and recorded by 
him, and whether in the laboratory or as home work. 

The following directions may prove of value as indicating 
a satisfactory method of arrangement of a notebook record: 

A. Record the number and date of the exercise. 

B. Make drawings of the apparatus used, when neces- 

sary, and label them properly. 

C. State as briefly as possible: 

(1) What was done. 

(2) What happened as the results. 

(3) What meaning these results have, and the 

purpose of the exercise. 

D. Answer all questions in the text and try to condense 

your statements into as concise and brief form as 
possible. 

The exercises as a rule should precede the text study and 
serve as a basis for such study. 
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PREFACE 

Though the importance of Physiology in si 
is everywhere recognized, little attempt has been made to 
place the subject on an experimental basis. This book has 
been prepared in an effort to call attention to the great field 
which this subject presents for laboratory study. 

The starred topics in the following table of contents con- 
stitute a brief course covering that which is essential; and 
the optional exercises make it possible to extend the work at 
the discretion of the teacher.' The ingenuity of the teacher 
will readily suggest substitutes for the material suggested when 
the laboratory facilities of the school are inadequate. 

Some of the exercises may be made demonstrations, and 
time in school may also be saved by assigning some of the 
Bimpler exercises as part of the home work of the pupil. 

I wish to acknowledge the many helpful suggestions given 
LB by my colleagues of the High School of Commerce and 
'by members of the Columbia University faculty. I have 
also found many useful suggestions in the works of Messrs. 
Foster and Langley, J. E. Peabody, M. L. Macy, H. Newell 
Martin, Hammarsten, Verworn, Wilson, and Schafer. 

I wish also to express my great indebtedness to Dr. E. A, 
Darling of Harvard College and to Mr. Frank 0. Payne of 
the High School of Commerce for their critical review of the 
pianuscript and for the aid they have given me in its prepara- 
tion; and to my wife for great assistance in the many details 
■of grammatical arrangement and mechanical labor involved 
in the work. ^ ,j, p 

Thb Hish School op CouiCBHCE, 

New York City. 

' The book in its starred topics meets the requirementa of ths New York 
State ayllabuB, and aa a whole has been accepted hy the Harvard College 
authorities as meetine the entraDcc requirementa of that institution. 
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PREFACE 

Though the importance of Physiology in secondary schoola 

everywhere recognized, little attempt has been made to 
place the subject on an experimental basis. This book has 
been prepared in an effort to call attention to the great field 
which this subject presents for laboratory study. i 

The starred topics in the following table of contents con- 
stitute a brief course covering that which is essential; and I 
the optional exercises make it possible to extend the work at ' 
the discretion of the teacher.' The ingenuity of the teacher ' 
will readily suggest substitutes for the material suggested when 
the laboratory facilities of the school are inadequate. 

Some of the exercises may be made demonstrations, and 
time in school may also be saved by assigning some of the 
simpler exercises as part of the home work of the pupil. 

I wish to acknowledge the many helpful suggestions given 
me by my colleagues of the High School of Commerce and 
by members of the Columbia University faculty. I have 
also found many useful suggestions in the works of Messrs. 
Foster and Langley, J. E. Peabody, M. L, Maey, H, Newell 
Martin, Hammarsten, Verwom, Wilson, and Schafer, 

I wish also to express my great indebtedness to Dr. E. A, 
Darling of Harvard College and to Mr. Frank 0. Payne of 
the High School of Commerce for their critical review of the 
manuscript and for the aid they have given me in its prepara- 
tion; and to my wife for great assistance in the many details 
of grammatical arrangement and mechanical labor involved 
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Though the importance of Physiology in secondary schools 
IB everywhere recognized, little attempt has been made to 
place the subject on an experimental basis. This book has 
'been prepared in an effort to call attention to the great field 
which this subject presents for laboratory study. 

The starred topics in the following table of contents con- 
stitute a brief course covering that which is essential; and 
the optional exercises make it possible to extend the work at 
ihe discretion of the teacher.' The ingenuity of the teacher 
will readily suggest substitutes for the material suggested when 
the laboratory facilities of the school are inadequate. 

Some of the exercises may be made demonstrations, and 
time in school may also be saved by assigning some of the 
ampler exercises aa part of the home work of the pupil. 

I wish to acknowledge the many helpful suggestions given 
me by my colleagues of the High School of Commerce and 
by members of the Columbia University faculty. I have 
also found many useful suggestions in the works of Messrs. 
Foster and Langley, J. E. Peabody, M. L. Macy, H. Newell 
Martin, Hamraarsten, Verwom, Wilson, and Schafer. 

I wish also to express my great indebtedness to Dr. E. A. 
Darling of Harvard College and to Mr. Frank O. Payne of 
the High School of Commerce for their critical review of the 
manuscript and for the aid they have given me in its prepara- 
tion; and to my wife for great assistance in the many details 
of grammatical arrangement and mechanical labor involved 
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INTRODUCTORY EXERCISES 15 

pas. This gas is the only one that will cause the change in 
limewater noted above.) 

Rinse out the bottle with water. Light the wood splinter 
and thrust into the bottle. Proceed as with the charcoal. 
Test the contents of the bottle with a drop of lime- 
water. What evidence have you that wood contains 
carbon? 

Bum the piece of meat by heating it in the test tube. 
Suspend a drop of limewat«r in the tube by means of the 
glass tube. What evidence have you that animal flesh 
contains carbon? 

Place the piece of marble in a clean test tube. Pour on it 
a httle hydrochloric acid which has been diluted previously 
with twice its volume of water. What evidence of action 
have you? Hold suspended a drop of limewater in the mouth 
of the tube. Hydrochloric acid and water contain no car- 
bon ; what must you conclude as to the presence of carbon 
in the marble? 

(Carbon is to be found in all animal and vegetable com- 
pounds and in some minerals.) 

Pour some of the limewater into the beaker. By means 
of the glass tube blow some of your breath through the 
liquid in the beaker. In what form is the carbon in your 
breath? (Expired air contains about 4 parts of this gas in 
every 100 parts of the expired air. Ordinary air contains 
about ,04 part of this gas in 100 parts, or about 4 parts in 
every 10,000 parts of air.) 

(Besides charcoal, the other forms of carbon are diamond 
and graphite. All the forms of carbon are odorless, taste- 
less, and insoluble in water; and if strongly heated in the 
presence of oxygen, each form of carbon will combine with 
It and form carbonic acid gas.) 
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VI. — ^Properties of Iron. 

Apparatus. — Several feet of fine wrought-iron wire, a magnet, an 
evaporating dish. 

Directions. — Bring the magnet in contact with the iron. 
Raise the magnet. Note that the iron is attracted to it. 
See if other things are similarly attracted to it. 

Place a coil of the wire in a warm, dry place. Place a like 
coil in the evaporating dish and cover with water. Leave 
both coils for several days, and then examine them. Note 
that one of them is covered with a reddish deposit (rust). 
What conditions are favorable to this formation? (Rust 
is a compound that iron forms with the oxygen of air and 
water. It is this power of iron to unite with oxygen that 
makes it valuable as a part of the blood in the animal body; 
see Exercise XLIII, D, on page 71.) 

VII. — Oxygen and Oxidation. 

Apparatus. — Red oxide of mercury (mercuric oxide), test tube, 
stick of charcoal, limewater and glass tube, alcohol lamp or Bunsen 
burner. 

Directions. — ^Place in a test tube as much red oxide as 

you can get on your finger nail. Heat the 
test tube in the flame (see Fig. 4). Heat 
the end of the charcoal stick until it glows, 
and introduce it into the mouth of the 
test tube. After heating the oxide hot you 
will notice a change in the glow of the 
charcoal. Describe it. Can you see any- 
thing in the tube? If it be a colorless 
FiQ. 4. g^g ^YiSit is acting on the charcoal can that 

gas be air? Reasons for your statement? 
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Remove the tube from the flame. When the stick ceases 

« 

to glow remove it and substitute for it a drop of limewater 
on the end of the glass tube. What happens? What does 
this indicate? As the tube cools what do you see on the 
sides of the tube? Do you know the name of this sub- 
stance? 

Explanation. Oxide of mercury is a compound of mer- 
cury (quicksilver) and oxygen. Heat decomposes this into 
oxygen and mercury. In what form were these two sub- 
stances given off in the' above experiment? We have al- 
ready learned that when charcoal bums it forms a gas called 
carbonic acid gas. How was this formed in the above 
exercise? We can express the above actions in the form of 
equations as follows: 

(1) Oxide of mercury + heat = oxygen and mercury. 

(2) Oxygen + carbon + heat = oxide of carbon + heat. 
In chemical language the process illustrated in (1) is 

analysis, or the separation of a compound into its parts. 
The process illustrated in (2) is synthesis, or the union of 
parts to make a compound. All chemical actions may be 
grouped under one or the other of these processes. 

The special kind of compound that results from the union 
of oxygen with a substance is called a compound of oxida- 
tion, and the actual formation is called oxidation. When 
oxidation takes place rapidly, light and heat are produced 
at the same time and the process is called rapid oxidation 
or combustion. Give examples from your experience of both 
kinds of oxidation — the slow and the rapid. Why does the 
exclusion of air from a fire cause the fire to go out? What 
is the precise action of water or sand when thrown on a 
flame, in the light of the above explanation? 
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VIII. — ^Phopbetieb of Oxygen. 

Apparstns. — Chlorate of potash (potasaium chlorate), manganese 
dioxide, piece of phosphorus, stick of charcoal, sulphur, fine iron wire, 
Florence flask, one-holed rubber stopper, rubber and glass connect- 
ing tubing, wash bottle fitted with two-holed stopper, ring stand, 
sand bath, pneumatic trough, five large-mouthed glass bottles with 
glass plates to cover, caustic soda, Bunsen burner or alcohol lamp, 
denagratjng spoon. 

DIrectioiis. — Set up the apparatus aa in Fig. 5. Place 




in the flask to a depth of half an inch a mixture of one part 
of manganese dioxide to four parts of chlorate of potash. 
Fill the wash bottle about half full of water and dissolve 
a stick of caustic soda in it.^ When everything is connected 
as in the diagram heat the flask gently on the sand bath. 
The first of the gas produced will mix with the Mr in the 

1 Tliia will abaorb the impurities in the ozy^n. 
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.apparatus, and should be allowed to escape. When the 
bubbles of gas flow freely through the dehvery tube, fill 
one of the bottles with water and invert over the delivery 
tube to receive the gas (oxygen) as in the above diagi'am 
(see Exercise II on page 10), When the bottle is full cover 
with the glass plate and set aside mouth upward. Fill the 
other four bottles in the same way. Then proceed as fol- 
lows: 

A. Examine the gas in the first bottle. Has it any color? 
odor? Suck a little into the mouth with a glass tube. Has 

'it any taste? 

B. Tie a piece of charcoal to the handle of the deflagra- 
ting spoon, heat the end of the charcoal until it glows, and 
introduce it into the second bottle. Describe the result. 
Keep lowering the charcoal as it tends to stop burning, until 
it reaches the bottom of the bottle. Compare tliis result with 
that of Ex. VII. What name do you give to this process? 
How could you test the contents of the bottle to prove your 
statement? Do so and record result (see Ex. VII). 

C. Place in the bowl of the deflagratmg spoon a piece 
of phosphorus the size of a pea {Caution! Handle 
with forceps and cut under water). Light the 
;|dio8phorus and introduce quickly into the third 

ittle. Describe the result. Does it bum more or 

brilliantly than in air? Note the white cloud 

the bottle. (This is an oxide of phosphorus and 

formed by the uniting of the phosphorus and 

the oxygen.) Compare this result with that in B. 

D. After cleaning the deflagrating spoon place 
some powdered sulphur in it. Light the sulphur. 

fote how it burns in air and the color of the flame. ^'°- "■ 
!ow introduce it into the fourth bottle. Destrfo^ 'Cl\\ft "^^^ 
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suit. After the burning is over smell (Caution!) the ^ 
in the bottle. Compare with the odor of burning sulphur 
in Ex. IV. What is the name of this gas? Is the action ■ 
noted above combustion? Give your reasons {see Ex. VII.) 

E. Heat the end of the fine iron wire red hot and intro- 
duce it into the fifth bottle. Describe the result. After 
the action is over examine the red spots on the aides of the 
bottle and compare them with the rust obtained in Ex. VI. 
What is the difi'erence between the two actions? 

Name the properties of oxygen that you have observed. 



IX. — Composition of Air and Phopertiks op Nitrogen. 



Apparatus.— Pneumatic trough, bell jar closed at the top, evap- 
orating dish, test tube, phosphorus. 

Directions. — Fill the pneumatic trough so as just to cover 
the support. Place the evaporating dish on the support. 
Place in it a piece of phosphorus the size of a pea; light the 
phosphorus, and cover quickly with the bell jar. 

A. Note the white fumes that 
appear, AVhat are these? (See 
Ex, VIII, C.) What is one of 
the components of tur? When 
the jar is first put on note that 
some bubbles are forced out be- 
cause the heat causes the air to 
expand a httle. The phosphorus 
stops burning when all the oxygen 

1 the bell jar is used ■ 

the apparatus stand imtil the wliite oxide of phosphoi 
been absorbed by the water and the gas in the j. 
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(Phosphorus was used instead of sulphur or charcoal in this 
exercise because its oxide is a solid which settles and dis- 
solves in the water.) ■ Has the water risen in the jar? 
What part, by volume, of the jar does it occupy? Since 
the phosphorus has used up all the oxygen in burning, about 
what part of air must be oxygen? 

B. Fill the test tube with gas from the bell jar in the 
manner described in Ex, II, B. Examine this gas. What 
is its color? odor? taste? Place a lighted match in it. 
What happens? Explain, (This gas is called nitrogen}) 
Of what advantage is the presence of nitrogen in the air? 
Why is a good draught necessary to make a fire bum freely? 
If the body needs to take in oxygen constantly why can 
we not live in a sealed room? 



X, — Composition of Water (Optional). 

Apparatns.— Electrolysis apparatus,' sulphuric acid, four dry 
cells, splinters of wood, test tubes, pneumatic trough or other diah 
of water, glass and rubber connecting tubing. 

Directions. — Open the two stopcocks and fill the ap- 
, paratus with water containing 5% of sulphuric acid. When 
the tubes are full and all air driven out, close the cocks ; ar- 
[ range the four diy cells in series (positive pole of one con- 
[ nected with negative pole of the next, and so on) ; and 
I connect the positive and negative poles of the series with the 

'Other gasea (carbonic acid gas, argon, water vapor) are present in very 
E Bmali proportions. 

' For the electrolyras apparatus shown on p. 22 may be substituted simpler 
a with nearly as good results. Simple forma are shown in Clark and 
s'a " Elementary Chemistry," page 33; and io Remsen's " Chenustry, 
r GouTBe." 
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posta as indicated in Fig. 8. Note what happens. Where do 
the bubbles form? In which tube do they form most rapidly? 
What is the 1-atio by volume of the 
/^ ^ gases in the two tubes? 

^^■^) When the tube containing the most 

gas is full, disconnect the cells. Collect 
in a test tube the gas from the tube 
containing the lesser amount as follows: 
With rubber connecting tubing connect 
an ordinary delivery tube, filled with 
water, to the top of the gas tube. 
Insert the end of the delivery tube 
into the mouth of the test tube, after 
filling the test tube with water and in- 
verting as in Ex. 11. Open the cock 
and collect the gas as in Fig. 9. Cover 
the mouth of the tube with the thumb 
^"'' ^- and hold mouth upward. Now re- 

move the thumb and quickly insert a lighted splinter into 
this collected gas. What happens? What gas have you 
studied that produces a 
similar action? This is 
the same gas. 

In a second test tube 
collect the gas in the 
other tube. Hold it 
mouth downward, and 
introduce a lighted splin- 
ter into it. Describe 
what happens. How is this gas different from oxygen? 
from nitrogen? (The name of this new gas is hydrogen. 
The electric current has broken the compoxmd — ^water— 
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into its two parts, hydrogen and oxygen.) 
synthesis or analysis? 
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XI, — Properties of Hydrogen (Optional). i 

Apparatus. — Granulated zinc or pieces of sheet zinc, dilute sul- 
phuric acid,"^ bottle with two-holed stopper, thistle tube, glass and 
rubber connecting tubing, pneumatic trough, large-mouthed bottle, 
test tubes. 

Directions. — Set up the apparatus as in the diagram. 
Place a handful of zinc in the bottle and pour on enough 
dilute sulphuric acid through the thistle tube to cover the 
zinc. (Caution ! Keep all 
flames away from the ap- 
paratus until the gas is col- 
lected.) Let this gas escape 
until it is bubbhng freely 
from the dehvery tube; then 
collect the large bottle full 
through water as in Ex. 
VIII.* 

A. By the method of Ex, 
II, B, take some of the gas 

in a test tube aud examine it, holding the test tube mouth 
downward. Has it any color? odor? taste? 

B. Collect a second test tube full and hold mouth down- 
ward as before. Tie a match to a wire, hght the match, and 
thrust it up into the tube. Does the match continue to 

' To dilute sulphuric aeid, pour slowly one part of acid into five or aix parts 
of WBlcr. Stir while pouring. 

*The gas will be freer of irapuritiea it passed througJvaTiBa\v'QoVO« cjsa^ 
pennaqgaaate soiuUou. 
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bum? Reason? Where does the hydrogen bum? Why? 
After the hydrogen has burned up, examine the sides of 
the tube. What do you find on them? Why should you 
expect this? What is oxide of hydrogen? 

C Hold a fresh test tube full of hydrogen mouth upward 
for a few moments. At the end of that time test with a 
match. Is the hydrogen still there? Explain. (Hydro- 
gen is the Ughtest substance known.) 

» 

XII. — ^AciDS, Bases, Salts, and Neutralization. 

Apparatus. — Dilute hydrochloric and nitric acids (one part acid 
to ten parts water), caustic soda, red and blue litmus paper, evapo- 
rating dish, glass stirring rod, Bunsen burner. 

Directions. — A. Examine some of the dilute hydrochloric 
acid. What sort of an odor has it? Describe its taste. 
Rub some between the fingers; describe its "feel." Dip 
a piece of red Utmus into it. What is the effect? Dip in 
a piece of blue litmus. Describe the result. (The taste, 
"feel," and effect on Utmus noted are three ways in which 
you can detect any acid.) Test some common substances 
and record results; e. g., cream of tartar, vinegar, soda, 
fruit juices, ammonia. 

B. Dissolve a stick of caustic soda, an inch long, in a 
tumbler of water. Examine this Uquid. What is its taste? 
odor? "feel"? Test it with the two kinds of Utmus paper 
and record results. (This kind of substance is called a hose. 
Bases always react in this way to taste, "feel, " and Utmus. 
Certain strong bases are caUed alkalis.) Test the substances 
named in A. Which of these are bases? 

C. Pour some of the caustic soda solution into the evap- 
orating dish. Add, gradually, ttie dA\\\fe Vi-^dxodaLoric add, 
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Stirring with the rod and testing with the Utmus until the 
solution turns neither red litmus blue, nor blue Utmus red. 
If too much acid is added correct it with more basic solu- 
tion. The acid and the base are now said to be neutralized, 
and the process is called neutralization. Evaporate this 
mixture to dr3mess over the flame. What sort of substance 
is left in the dish? Taste it. Is it famihar? Does it affect 
litmus in the solid state or when dissolved in wateitf 

D. Repeat the above neutralization, using nitric acid 
instead of hydrochloric. Does the product affect Utmus? 

(The products of C and D are caUed neutral salts. To this 
class of substances belong most of the minerals of the 
earth.) This exercise may be continued with other acids 
and bases at the desire J the experimenter. 



STUDY OF NUTRIENTS 

Phospl^orus, sulphur, carbon, iron, oxygen, nitrogen, and 
hydrogen are a few of the chemical elements to be f oimd in 
plant and animal bodies. These elements occur, however, 
not as elements, but in combinations, or compoxmds. There 
are many of these combinations, but they may be grouped 
together imder a few class names. These classes of com- 
poimds show certain definite quaUties by means of which 
their presence may be detected. The classes are called proxir 
mate principles, ot nutrients. The most important are: 

Proteids, or nitrogenous compoxmds. 

Carbohydrates, or starches and sugars. 

Fats and oils. 

Mineral salts. 

Water. 

XIII. — ^Proteids. 

Apparatus. — Raw white of egg, olive oil, salt, nitric acid, ammonia, 
Millon's reagent,^ caustic soda, sulphate of copper (blue vitriol), test 
tubes. 

Directions. — A, Put a Uttle white of egg (a good example 
of proteid) in a test tube, cover with two inches of water, 
and shake. Does the white of egg dissolve? Heat the 

* To make Millon's reagent, mix one part of mercury by weight with two 
parts of nitric acid (concentrated commercial) ; when the miercuiy is all dis- 
jBolved^ dilute with twice the volume of water. 

2Q 
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water and egg mixture slowly. What form does the white 
of egg take now? Is this fonn soluble in water? 

Put a second portion of the egg in a test tube. Add 
dilute nitric acid to it. What happens to the white of egg? 
Compare the action with that in boilmg water. 

(This action of acid and heat on a proteid Uke egg albu- 
min is called coagulation.) Why does a piece of meat 
(which is composed mainly of a proteid Uke white of egg) 
become more solid under heat? 

B. Xanthoproteic Test, Place a little coagulated white of 
egg in a test tube and cover with dilute nitric acid. Heat 
to boiling and then add enough ammonia to neutraUze the 
acid and give an alkaline test. The white of egg (proteid) 
takes what color? Treat in the same way some oUve oil, 
some conmion salt, and any other substance that does not 
contain proteid. Do any of these take the same color as 
the white of egg? 

C. MiUon's Test. Add enough Millon's reagent to a Uttle 
coagulated white of egg to cover, and boil. What color does 
the egg and the solution become? Treat the other sub- 
stances mentioned in B in the same way. Do they act Uke 
the egg? 

D. Biuret Test, or Piotrowski^s Reaction, Add caustic soda 
in concentrated solution to some white of egg, in a test tube. 
To this add a few drops of a solution of copper sulphate. 
What color do you get? Boil. What change takes place 
in the color? Test other substances mentioned in B in the 
same way. 

(Of the three chemical tests for proteid given above, the 
xanthoproteic is best for general use. There are many 
forms of proteid, but these tests will indicate its presence 
whatever its form may be.) 
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XIV. — Carbohydrates— Starch. 

Apparatas. — Solution of iodine^^ laundry starch, white of egg, 
olive oil, test tubes. 

Directions. — ^Place a little starch in a test tube and fill 
the tube a quarter full of water. Shake it. Does the 
starch dissolve? Boil; what happens to the starch? 

Put a little of the starch paste in a test tube with an 
inch of water. Boil. Now add a drop of the solution of 
iodine. What color does the paste become? 

Test a little white of egg and olive oil (which contain no 
starch) in the same way. Do you get the same result? 

(This test will indicate the presence of starch, whatever 

may be its form.) 

» 

XV. — Carbohydrates — Grape Sugar. 

Apparatus. — Febling^s solution,^ raisins, starch, oil, test tubes. 

Directions. — ^Mince the raisins, cover with water in a test 
tube, and let stand until the grape sugar (glucose or 
dextrose) has dissolved. Put a little of the clear solu- 
tion in a second test tube and dilute it with double its 
volume of water. Add a few drops of FehUng^s solution 
and heat to boiling. When no further change in color 

^ To make the iodine solution, dissolve a teaspoonful of potasmmn iodide 
crystals in a tumbler of water. Add crystals of iodine and stir until a rich 
wine color is obtained. This may be bottled and used as needed. 

^To make Fehling's solution: 

A. Dissolve 35 grams of copper sulphate in 500 c.c. of water. Label this 
solution (A). 

B. Dissolve 160 grams of caustic soda and 173 grams of Rochelle salts in 
500 c.c. of water. Label this solution (B), 

Keep these two solutions separate until ready for use. Prepare for test ' 
by mixing equal quantities. 
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takes place, note the final color. Test in the same way oil, 
starch, and any other substance that contains no grape 
sugar. Compare results. 

(This is a imiversal test for grape sugar.) 



XVI. — ^Fats and Oils. 

Apparatus. — Flaxseed (ground), beef fat, unglazed paper, ben- 
zine, filter paper, glass funnel, evaporating dish, chemical ther- 
mometer. 

Directions. — A, Put a little beef fat in the evaporating 
dish and heat. When it begins to melt stir with the chemi- 
cal thermometer and note the temperature of the melting 
point. If the body temperature is 98° F. what does this 
experiment indicate as to the condition of fats in the body? 
Name some fats that are hquid at ordinary temperatures. 

B, Place a little beef fat on the imglazed paper and 
warm. Remove and examine the paper. How does it 
show the presence of fat? Substitute for the beef fat a 
little ground flaxseed and repeat the above process. Does 
flaxseed act hke beef fat? Do starch and other substances 
which contain no fat or oil, act in the same way? (The 
above is a general test for fats and oils in whatever form 
they may be.) 

C Place a teaspoonful of ground flaxseed in the evapo- 
rating dish and cover with benzine. (Ether will act in 
the same way.) Cover the dish and allow it to stand for a 
few hours. At the end of that time, filter off the benzine 
by means of the funnel and filter paper, into a clean evapo- 
rating dish. Allow this dish of filtered benzine to stand 
for a time xmtil all the benzine has evapoi«*.tfcd« Wc^^V Ss. 
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left in the dish? What did the benzine do to the fat in the 
flaxseed? Treat sugar or anything else that contains no fat 
or oil in the same way. Is the result the same? (The 
above method is another test for fat or oil.) 



XVII. — ^Mineral Salts (Optional). 

Apparatus. — Platinum foil or piece of sheet iron, forceps, piece 
of meat or vegetable matter. 

Directions. — ^Place the meat on the foil and hold the 
foil in the flame with the forceps imtil all the black has 
disappeared from the burning meat. The residue is min- 
eral matter. Would this test be possible if this mineral 
matter were combustible? What color is the residue? 
(This is the test for determining the presence and amount 
of mineral salts.) 



XVIII. — Water (Optional). 

Apparatus. — Pieces of parsnip, potato, apple, lettuce leaves, flour, 
meal, meat, test tube, balance sensitive to one gram. 

Directions. — A, Heat one of the above substances in a 
dry test tube. As the tube cools after having been taken 
from the flame, examine the sides and note what you see 
on them. In what form was the water before the tube was 
cooled? 

B. Weigh a portion of each of the above substances, re- 
cord the weights, and place the substances in a warm, dry 
place for a few days. Then weigh again and record as be- 
fore. Continue this imtil there is no further decrease in 



STUDY OF NUTRIENTS 31 

weight. The loss of weight represents approximately the 
water contained in the substances before it evaporated. 
From your results answer the following questions: About 
what per cent of water did each substance contain? Why 
are flour and grains in general a good food for travelers to 
carry? Why are fruits and salads good hot-weather foods? 



STUDY OF FOODS 
XIX.— Necessity of Food. 

Apparatus. — ^Wide-mouthed bottles, corks to fit, pea or com seed- 
lings, nutrient solution,^ test tubes, paraffin wax, distilled water. 

Directions. A. Take one of the pea or com seedlings and 

cut off the cotyledons close to the stem. 

Pass this through a hole in one of the 

corks, and insert in a bottle as shown 

in Fig. 11. Fill the bottle about three 

quarters full of the nutrient solution. 

Prepare a second seedling in the same 

way (select one of as near the same size 

as possible), but substitute distilled 

water for the nutrient solutiofi. Note 

the growth of each seedling for several 

days. Do they grow equally fast? 

What sort of food is in the nutrient solu- 

^^^' ^^' tion? From the composition of the 

water and the mineral salts, is it possible for the plant to 

get its carbon from the nutrient solution? (Air contains a 

small proportion of carbonic acid gas [see Ex. V] and plants 

^Nutrient Solution after Sachs ('82). 

Distilled water (H2O) 1000.00 c.c. 

Potassium nitrate (KNOs) 

Sodium chloride (NaCl) 

Calcium sulphate (CaS04) 

Magnesium sulphate (MgS04) 

Calcium phosphate (Cas [P04J2) 

Ferric chloride (FeOs) 

{Do not put the ferric chloride into the solution in the first i^aoe, but add 
a drop of it to each bottle when the seedling^ aie p\it ia.) 
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secure their carbon through then* leaves, which absorb the 
gas from the air.) From your observations can a plant 
live indefinitely on water alone? 

B. Seal the growing seedling of A to the cork with melted 
paraflBn wax, cover the upper part of the seedling with a 
test tube, and seal the edges of the tube to the cork. Does 
the plant continue to live? (Plants can not Uve without 
air.) What collects on the inside of the tube? What evi- 
dence have you that a plant gives off water? 

C. Prepare a third and a fourth seedling as in A. In one 
bottle put some nutrient solution made without the potas- 
sium nitrate, and in the other the normal solution. Which 
seedling lives longest? (To support life, one food required 
by plants is some nitrogen salt Uke potassium nitrate.) 

D. Prepare a fifth seedling as in Aj using a nutrient so-, 
lution with only the ferric chloride omitted. After several 
weeks, notice the effect on the color of the plant. 



X^. — ^Nutrients Present in Common Foods. 

Apparatas. — ^Meat, flour, milk, parsnip, lettuce, peanuts, and the 
necessary materials for the tests described in Exs. XIII to XVIII. 

Directions. — ^Apply the tests to each substance separately 
and tabulate your results as follows: 

Substance Tested. — 



Test 

Xanthoproteic 

Biuret 

MiUon's 

Iodine sol. 

Fehlins's 

Unglazed paper 

Beniine 

Dry test tube & heat 

Platinum foil A heat 



Result 



Nutrient Present 



Relative Amount 
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Under ''Result" tell exactly what happens. 

Under "Nutrient Present" write the name of the nutri- 
ent that the test shows to be present. If no reaction fol- 
lows from the test leave this space blank. 

Under ''Relative Amount" write Little if the reaction is 
weak, and Mueh if the reaction is strong. 

From your results, why are flour, meat, and milk consid- 
ered especially valuable foods? 



XXI. — Study of Food Charts.^ 



Food 



Bread (White) 

Flour 

Oatmeal 

Rice 

Beans 

Potatoes 

Milk 

Cheese 

Beef (Round) 

Beef (Corned Flank) 

Mutton (L^) 

Veal (Shoulder) 

Pork (Shoulder— fresh) 

Pork (Ham) 

Pork (Salt Fat) 

Chicken 

Eggs 

Butter 

Cod fish 

Mackerel 

Oysters 



CoMPOsmoN % OF Nutrients 


Energy in 
Calories 






Other 








Proteid 


Starch 


Carbo- 
hydrate 


Fat 


Water 


Mineral 


per Pound 


8. 


47. 


3. 


1. 


37. 


2. 


1280. 


11. 


66. 


4.2 


2. 


15. 


1.7 


1645. 


12.6 


58. 


5.4 


5.6 


15. 


3. 


1850. 


6. 


79. 


0.4 


0.7 


13. 


0.5 


1630. 


23.1 


55. 


2. 


2. 


12.6 


3.1 


1615. 


2. 


18. 


3. 


0.2 


76. 


0.7 


375. 


4. 




5.0 


4.0 


86. 


0.8 


325. 


28.3 


— 


1.8 


35.5 


30.2 


4.2 


2070. 


^.5 


— 


— 


10.1 


68.2 


1.2 


806. 


14.2 


— 


— 


33. 


49.8 


3. 


1655. 


18.3 




— 


19. 


61.8 


0.9 


1140. 


20.2 


— 


— 


9.8 


68.8 


1.2 


790. 


16. 




— 


32.8 


50.3 


0.9 


1680. 


16.7 


— 


— 


39.1 


41.5 


2.7 


1960. 


0.9 


— 


— 


82.8 


12.1 


4.2 


3510. 


24.4 


— 


— 


2.0 


72.2 


1.4 


540. 


14.9 


— 


— 


10.5 


73.8 


0.8 


721. 


1. 


— 


0.5 


85. 


10.5 


0.3 


3615. 


15.8 




— 


0.4 


82.6 


1.2 


310. 


18.2 


— 


— 


7.1 


73.4 


1.3 


640. 


6. 


"^~ 


3.7 


1.2 


87.1 


2. 


230. 



Average 

Cost 

per Pound 

S.04 
.025 
.05 
.07 
.05 
.0125 
.035 
.16 
.14 
.10 
.18 
.20 
.16 
.16 
.12 
.20 
.18 
.30 
.08 
.12 
.26 



* More extensive tables may be found in a pamphlet printed by the Depart- 
ment of Agriculture, Farmer's Bulletin No. 23, ''Foods, Nutritive Value and 
Cost," by W. O. Atwater. 
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Dietary Standards. 



Conditions 


Proteid 


Carbo- 
hydrates 


Fat 


Calories 


Man with light muscular exercise. 
Man with moderate " " 
Man with active muscular work. 


0.22 lbs. 
0.28 lbs. 
0.33 lbs. 


0.88 lbs. 

0.99 lbs. 

01.10 lbs. 


0.22 lbs. 
0.28 lbs. 
0.33 lbs. 


2980. 
3520. 
4060. 



Qicestions to be answered from study of Food Chart. 

Fat and carbohydrates are the energy producers: how 
does the table show this? What sorts of foods are richest 
as proteid furnishers (tissue builders)? Of the animal and 
vegetable foods, which are richest in proteid? fat? carbo- 
hydrates? 

Calculate the cost, amount of energy in calories, and per 
cent of nutrients, in the following daily dietaries : 

(a) 13 ounces of beef (round), 3 ounces of butter, 6 ounces 
of potatoes, 22 oimces of bread. 

(6) 4 ounces of salt pork, 2 ounces of butter, 16 ounces 
of beans, 8 ounces of bread. 

(c) 10 ounces of beef (corned), 1 oimce of butter, 16 ounces 
of milk (pint). 

Make up a suitable daily dietary for each of the three 
different classes of men given in the table. 
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XXII. — ^Parts of a Cell. 

Apparatus. — Scalpel, compound microscope^ with two-thirds and 
one-sixth inch objectives and one inch ocular, glass slides and cover 
glasses, piece of filter paper, methyl green or Delafield's hsema- 
toxylin.' 

Directions. — Sterilize the scalpel by holding it in boiling 

water, then scrape 
the inside of the 
cheek lightly with 
the blade. When 
the scalpel is re- 
moved from the 
mouth there will 
appear on it the 
scrapings in the 
* » ^ form of a white 

"piG. 12. — A, diagram of a cdl; w, cell wall with inclosed r^A' m n f P 

cytoplasm; n, nucleus, consisting of nuclear membrane Seuim.eni;. JXe- 

inclosing granular substance, in which are seen a xnOVO a little of 

spherical nucleolus and irr^ular masses of chromatin; _ 

a, centrosome; B-F, changes that take place during thlS Sediment and 

^*^ ^^^^°°- mount in a drop 

of water on the slide. Cover with the cover slip and ex- 
amine with the two-thirds objective (low power). In focus- 

^ Bausch & Lomb and the Spencer Lens Ck>. furnish at request a paznphlet 
describing all the parts of the microscope and method of ^aTiHling the instru- 
ment. 

^ For the preparation of these stains consult any manual of mioroecopy. 
Lee's *'Vade Mecum" is recommended. 
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ing, the best results are obtained if nearly all the Ught is 
excluded by the diaphragm. 

Draw what you see. Note that the masses are made up 
of separate elements (ceUs). Compare with Fig. 12, A, 
Are the walls circular as in the figure? 

Place a drop of the methyl green at one side of the cover 
slip and by placing the filter paper at the opposite side draw 
this solution imder the sUp. Let the sUde stand for a mo- 
ment and examine again with the low power. What part 
of the cell has changed color? (This part is called the nu- 
cleus of the cell.) 

Now focus on one of these cells with the one-sixth ob- 
jective (high power). Has the cell a definite outline? Note 
the clear Uquid between the nucleus and the outline. Do 
you notice any particles floating in this Uquid? Draw this 
cell, magnified to an inch diameter, and label as follows: the 
outside boundary, or cell wall; the clear Uquid, or protoplasm; 
the particles floating in this protoplasm, or granules; the 
nucleics. 

XXIII. — Study of a Plant Cell. 

Apparatn8.^Pond scum (Spirogyra), normal salt solution,^ ma- 
terials described in Ex. XXII. 

Directions. — Mount a Uttle of the pond scum in a drop 
of water and cover with a glass. Examine with the low 
power. Do you see any separate units in this case? How 
are they arranged? What is their color? Is this color 
evenly distributed throughout the ceU or located in definite 
parts of the ceU? Can you see any ceU waU? protoplasm? 

^ Normal salt solution is made by adding six-tenths of one per cent of 
common salt (NaCl) to distilled water. 
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nucleus? Make a drawing of what you see and label in such 
a way as to answer the above questions. 

Now add a little of the normal salt solution, to be run 
under the cover glass, and examine with the high power. Do 
you see any nucleus now? any protoplasm? What has hap- 
pened to the protoplasm? Draw and label such parts of 
the cell as show. A Uttle methyl green or Delafield's hsem- 
atoxylin added will make the nucleus more distinct. 

Make a Ust of the differences and similarities between the 
cells examined in Ex. XXII and Ex. XXIII. 

Note.— The comparison of cells should be further demonstrated 
with other materials by the instructor, until the essential and varia- 
ble components are cleariy grasped by the pupil. Some suggested 
material: Pleurococcus, potato, diatoms, root tips, etc. 

XXIV. — Study of Living Protoplasm — ^Amceba. 

Apparatas. — ^About a month beforehand collect the leaves and 
sediment from pools of still, but clear water. Distribute this mate- 
rial — together with a few water plants (Nitella or Chara) — ^in sev- 
eral open, shallow dishes. Keep covered with water. When, in 
course of time, the water in these has become clear and free from 
scum, take up with a pipette (medicine dropper) Aome of the sedi- 
ment from the very surface of the leaves. Examine this for amoebae 
with the low power (two-thirds objective). When the dish contain- 
ing them in quantity is located, mark this for supply.* The other 
apparatus is the same as in Ex. XXII. 

Directions. — ^Moimt some of the amoebae on a glass slide, 
and cover them with a cover slip. Locate one of the animals 

*A. W. Weysse of Boston University gives in "Science," Vol. XX, No. 515, 
the following method of securing amoeba. Collect a considerable number 
of lily pads. Remove with a spatula the slime which adheres to the lower 
surface and put it in a shallow glass aquarium containing water six or eight 
centimeters deep. Place the vessel near a window and in a week or two 
amoeba will be abundant on the surface of the sediment at the bottom. 
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with the low power and then focus on it with the high powel 
for careful observation. 

Watch the amceba until it begins to show movement, then 
draw and note the following parts; round, opaque nucleus, 



I 




Ethe clear outer part (ectoplasm) and the granular inner part 

f{e7idoplasm) of the cytoplasm. (Cytoplasm is the name given 

t'to that part of the protoplasm which is not nuclear, since 

e nucleus is also composed of protoplasia.l NotR,,tiSrth«s., 
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the round spots in the cytoplasm {vacuoles: food vacuoles, 
water vacuoles, or contractile vacuoles, according to con- 
tents) ; the constantly forming projections of the cytoplasm 
(psevdopodia) ; and the absence of any cell wall. 

(Amoeba is a one-celled animal made up of free protoplasm 
and hence well suited to show the properties of this sub- 
stance, which is the physical basis of all life.) 

Properties of Protoplasm. 

A. What color is the cytoplasm? Does it appear thicker 
or thinner than the water? Is the part containing granules 
of the same color as the clear part? Does this cytoplasm 
mix with the water? Describe the appearance of the nu- 
cleus. 

B. Movement. Watch the moving amoeba. Note the va- 
rious steps in the forming of a pseudopodium. Is the move- 
ment of the animal rapid? Does it appear to move in a 
definite direction or at random? Do the particles in the 
water appear to affect its movement? Press on the cover 
glass with a needle point just above the amoeba. How does 
the amoeba react? Note that the movement of the amoeba 
is produced as a result of two properties of protoplasm, 
contraction and expansion. A substance having these prop- 
erties is said to have contractility. 

C. In B we noted that the animal contracted and ex- 
panded without apparent cause in some cases. We noted 
also that under pressure it contracted more strongly. This 
power to respond to special stimuli is called irritability. 
Test the irritabihty of the protoplasm toward heat, by ap- 
plying the flame of an alcohol lamp gently to the end of 
^Ae glass slide. Record your observations as the heat grad- 
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ually increases. Other tests may be made by running so- 
lutions of various salts, etc., under the sUde. 

D. Feeding Habits, Examine the contents of some of the 
vacuoles and state your conclusions as to the form of food 
taken in by the protoplasm. Note and describe the method 
of ingulfing these food particles and the forming of the 
vacuole. Compare several of these vacuoles as to the con- 
dition of their cojitents. From these observations, what do 
you conclude happens to food in the amoeba? 

(The process of taking in food is called ingestion. The 
process of dissolving ingested food is called digestion The 
process of transforming digested food into protoplasm is 
called assimilation. This last process is evidenced by the 
decreasing size of the vacuole after the food is dissolved.) 

E. The Removal of Wastes. Study the action of the large 
contractile vacuole. What does it appear to contain when 
expanded? Where does this substance come from? Where 
does it go when the vacuole is contracted? Does the 
vacuole pulsate regularly? 

(The process of collecting the broken-down waste of the 
body and its removal to the outside is called excretion. 
The processes described m Z), by means of which pro- 
toplasm is made, are spoken of collectively as andbolism. 
The processes by means of which old protoplasm is broken 
down and removed are spoken of collectively as katdbolism. 
Metabolism is the simultaneous occurrence of these two ac- 
tions in a living body of protoplasm.) 

F. Place several amoebae in a drop of water in a vial and 
cork the vial tightly. The water used should be rich in 
food — ^bacteria. Also, for comparison, make a balance prep- 
aration consisting of the same number of amoebae mounted 
in the same amount of water in a watch glass, this prepara- 
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tion to be exposed to the air in a large vessel containing a 
little water to prevent evaporation. Examine at the end 
of a few days. What evidence have you that protoplasm 
requires air? 

{It is the oxygen in the air that the animal uses. This 
property of taking in air and oxygen is part of a process 
called respiration.) 

Make a list of all the properties of protoplasm as exhib- 
ited by the cytoplasm of the amceba. 



XXV, "RPTTHFJT.TAT. TlBSttE (OpTIONAL). 



Apparatus. — Prepared slide' of 'cross section of the amaJl intes- 
tine (bumau preferred, but rat 'a or other mammars will serve), com- 
pound microscope. 

Directions. — ^Focus 

with the high power 
on the cells forming 
the inner layer of the 
intestine. Draw ax 
or eight of these cells, 
showing the large nu- 
cleus in each, the gen- 
eral outline of the 
[ cells, and the distribu- 
■ tion of the protoplasm. 
Note the thinness of 
the cell wall and the absence of intercellular material, 

' Prepared slides for study of tissues may be bought best of dealera, «a 
their preparation is a matter of delicacy and skill. For those who wish ti 
nitahle directions will be found in standard h 
Ji aa Stohr'n or SeJiSfer'a, and in Lee'a "Vade Meomn," 




'>. simple ciliated t 
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Compare these cells (columnar epithelium; see Fig. 15, d) 
with, those of Ex. XXII {squamous epithelium; see Fig. 14, 

I a, 2 and 3, an J c). How do they differ? Note the pro- 
tective character of these layers of cells with reference to 
the underlying layers. {One feature of this protection is 
prevention of the action of digestive fluids upon the under- 
lying muscles and other forma of tissue.) 



XXVI .^Connective Tissue (Optional). 



I 



I 



AppHratuB. — ^Prepared slides of intermuscular tissue, cartilage, 
and bone, compound microscope. 

Directions. — A. Intermuscular Tissue. Draw, under the 
low power. Note two classes of bundles of fibers (white 
fibers and elastic). The elastic fibers are single and are 
more sharp in outline than the 
■white. Find one of the cells (or 
corpuscles) and focus with the 
high power. Draw it, and show 
in your drawing its relation to 
the two classes of fibers. From 
your study, wliich part of this 
tissue should you say was most 
important, the cellular part or 
the intercellular fibers? 

B. Cartilage {hyaline). Note 
the solid character of the in- 
tercellular matrix, the outlines 
of the cells with their proto- 
jplasm and nucleus, the laininee, ■ 




and the capsules inclosing these lacuna. Which part of 




■ pits 



which the cells 



r 
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this tissue is supporting, the cells or the matrix? Draw a 
section, under the high power, and label all parts. 

C. Bone. Note the ma- 
trix of spongy bone arranged 
in concentric ringa {lamell(E) 
around the central canals 
(Haversian canah). Be- 
tween the lamella note the 
, irregular cavities (Iocutve) 
with their wavy branches or 
canalicuH. Note how these 
canahcuh connect the la- 
cunar with one another and 
>-,, iiiiiiL-,> f.iM..i !:, .<-.-,.! .iu'iiiaae with the Haversian canals. 
oeU; n, nucleus. Look in the lacunjE for the 

bone cells, {In ground sections of bone these will prob- 
ably be wanting. They appeal- better in sections of de- 





calcified bone.) Draw, under high power, a section locar 
ting all the above named parts. 
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(Note in the three classes of coimective tissue that the 
intercellular portion is the important part in support. The 
importance of the cells becomes clear when it is understood 
that this intercellular matrix is produced by them.) 

XXVII. — MuscDLAR Tissue (Optional), 

Apparatus.— Prepared slides of striated and non-striated muscle, 
compound microscope. 

DirectioDB. — A. NoTi^stricUed. Note the long, spindle- 
shaped cells, the elongated nucleus, and the homogeneous 
protoplasm filling the whole 
cell. Note, further, how 
these cells mterlace. (They *''°^,'^^~* Non-atrutod MoMie cdi: n, 
are held together by a ho- 
mogeneous cement substance.) Note the absence of any 
striation, or striping. Draw several of these ceils under 
the high power, locating all the parts mentioned above. 

B. Striaied. Examine a single fiber with the high power. 
Note the broad, dim, transverse striic 
and the narrow, light, transverse strife. 
The broad stria is called anisotropic or 
doubly Tefracting, contractile sarcoplasm. 
The narrow stria is called isotropic or 
singly refracting sarcoplasm. Note also the 
more or less dim longitudinal striation. , 
Over the whole of the fiber is stretched the 
transparent sarcolemma, or cell wall. Some- 
where on the fiber may be found also sev- 
eral nuclei. Draw and locate all these parts of the muscle 
cell. (Sarcoplasm Is merely another name for the protoplasm 
of a muscle cell.) 
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Dendritea. 



XXVIII. — ^Nervous Tissue (Optional). 

Apparatas. — Prepared slides of ganglion cells and nerve fibers, ^ 
compound microscope. 

Directions. — A. The Nerve 
Cell, Note the irregular out- 
line of the cell; the wavy pro- 
jections, or dendrites; the rod- 

Nerve process ]^q prOJCCtioilS, Or UerVe pTOO- 

esses. Note the position of the 
nucleus. Has the cell one or 

€{ I jixis cylinder iHorc ncrve pioccsscs? Draw 

and locate all parts, under the 
high power. 

B. The Nerve Fiber. Make 
out from your study of the 
nerve fiber, the axis cylinder 
m the center. (This corre- 
sponds to the nerve process of 
A.) Next outside this is the 
medullary sheath, and on the 
very outside the neurilemma. 
Make a drawing showing all 
these parts. For their relation 
compare with Fig. 21. 




Neurilemma 



Terminal 
branches 



a. 



Fig. 21. — Scheme of a Neuron: 
firee axis cylinder; h, axis cylinder 
surrounded by neurilemma alone; 
c, axis cylinder surroimded by 
medullary sheath alone ; d, axis 



All tissues of the body can 

cyUnder surrounded by the sheath bc plaCCd iu OnC of the aboVC 

:^rMr:on^titrc^t dasses-^pitheUal, connective, 

the nodes of Ranvier). mUSCUlar, Or ncrVOUS. 

^A smear preparation of spinal cord may be prepared as follows: Rub a 
piece of fresh spinal cord in water between two cover glasses. Mount and 
run imder the cover glass a drop of methyl green. Both nerve fibers and 
nerve cells appear in such a preparation. 
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XXIX. — ^Principles of Osmosis. 

Apparatus. — Potassium bichromate, raisins, white of egg, starch, 
Fehling's solution, iodine solution, Millon's reagent, dialyzer. There 
are several forms of dialyzer described by different authors, any one 
of which will serve. The following form has been found very satis- 
factory. Obtain from the butcher some skins such as are used to 
hold sausage meat. Tie one of these 
around the base of a student lamp 
chinmey as in Fig. 22, after cutting 
off the chimney so that it is only about 
six inches in height. Select a cork to 
fit tightly in the top of the chimney 
and, with a cork borer, puncture this 
to fit an eighth-inch glass tube about 
a foot in length. Arrange the whole 
apparatus as in the diagram, support- 
ing the chimney in an outer jar so 
that it will not rest on the bottom. 
To fill the chimney, remove the cork 
and tube. The tube will serve as a 
delicate indicator of the amount of 
rise in the water. 



Mi 



A 



SPV^ 



k 



Fig. 22. 



Directions. — A. Put into the 
dialyzer some crystals of potas- 
sium bichromate. Fill with water both the dialyzer and 
the outer jar until the level is the same in each. Allow 
them to stand for a short time. Then examine and note the 
level of water in the two parts. What has been the pre- 

47 
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vailing direction of flow of the water? Is the color of the 
water in the outer jar changed? Has some of the salt solu- 
tion in the dialyzer passed through the membrane? (This 
interchange of water and salt solution through a non-porous 
membrane — the sausage skin — is called osmosis.) 

B. Chop up some raisins and place in a beaker with some 
water. When the grape sugar in the raisins is well dis- 
solved, transfer this hquid to the dialyzer. Fill both dialyzer 
and outer jar to the same level with water as before. Note 
the direction of the water-flow. Test the water in the outer 
jar with Fehling's solution. What results? Does grape 
sugar in solution pass readily through the membrane? 
(Substances which pass readily in solution throi^h a mem- 
brane under the above conditions may be said to dialyze.) 

C. Substitute for the raisin solution a diluted starch paste. 
After a time note the level of the water. Record its direc- 
tion of flow. Test the liquid in the outer jar with iodine 
solution. Does starch dialyze? Does starch crystallize like 
grape sugar and potassium bichromate? 

D. Substitute for the 
starch paste a solution 
made of white of egg 
whipped up in water. 
Note direction of flow of 
water. Test the water in 
the outer jar with MiUon's 
test for proteid. Does 

, egg albumin dialyze? 

I E. Cut a few shoes 

w^ n n«c[eu« p. protopl™. ^j ^^^^ ^^^j_ ^^ ^^ 

place a few pieces in two separate beakers. Fill each 
beaker half fu& of distilled water. Boil the shces in one 
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of the beakers. (This kills the protoplasm in the cells of 
the beets without injury to the cell walls.) Add a few 
drops of hydrochloric acid to each beaker, and then test 
with Fehling's solution for grape sugar. In which has the 
sugar dialyzed from the cells? In which is the water col- 
ored? Study the arrangement of protoplasm in a dead and 
in a living cell as illustrated in Fig. 23, and state your 
conclusions as to the influence of protoplasm on dialysis. 

{Substances that dialyze are called crystalloids. Sub- 
stances that do not dialyze are called colloids.) 



I 



XXX. — An Enzyme. 

Apparatus. — Ground malt, starch, teat tubes, iodine solution, 
Fehling's solution. 

Directions.^Make an extract of malt diastase {an en- 
gyjne) by shaking up five grams of ground malt with 50 c.c. 
of cold water. Let it stand for a few hours and then filter. 
Make a thin starch paste by mixing a tcaspoonful of starch 
with a cup of boiling water. Fill two test tubes half full 
of this starch preparation. Test a httle of the starch prep- 
aration with the iodine solution, to determine strength of 
reaction. Test a little of the starch preparation and also 
some of the diastase solution with Fehling's solution. Is 
grape sugar present in either of them? Now add 10 c.c. of 
diastase solution to one of the test tubes; heat both tubes, 
and keep them as near as possible at a constant temperature 
of 60° centigrade. 

At intervals of five minutes remove a Httle of the con- 
tents of each tube with a pipette and test with the iodine 
solution. Do the same, using Fehling's solution instead of 
iodine solution lu- t'^je. amount of.a'cflrch .on, the increase 
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or decrease in either tube? After how long a time do you 
get a test for grape sugar, and in which tube? Continue 
these tests until you get a strong test for grape sugar. 

(The reason for these results is that the malt diastase — 
the enzyme — is slowly changing the starch into sugar. An 
enzyme is a substance which can bring about the trans- 
formation of one chemical compound, such as starch, into 
another, such as sugar, without itself being used up. The 
value of enzyme action in our bodies lies in the fact that 
by it a colloid, hke starch, may be changed.into a crystalloid, 
like sugar, which can then be absorbed through a membrane 
by dialysis, e, g., from the stomach through the walls of the 
blood vessels into the blood.) 

XXXI. — A Ferment Organism — ^Yeast. 

Apparatus. — ^Yeast cake, molasses, eight-ounce bottle, absorbent 
cotton, limewater, chemical thermometer. 

Directions. — Dissolve a piece of yeast cake, the size of 
a pea, in two tablespoonfuls of water. Pour this into the 
eight>ouncc bottle. Add to this a tablespoonful of mt>- 
lasses and fill the bottle half full of water. Stopper with 
a plug of absorbent cotton and leave in a warm place for 
twenty-four hours. Record the temperature of the room 
in which the bottle is put, and the temperature of the mix- 
ture. 

At the end of the twenty-four houra remove the stopper 
and examine the contents. What is the temperature? 
Does it smell sweet? Test the gas in the top of the bottle 
with a drop of lime water. What gas gives this reaction? 
Does the odor give you any evidence of the presence of 
alcohol? Examine under the lew power of the compound 
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' mieroacope a little of the sediment from the bottom of the 
bottle, mounted in water. Draw several groups of the 
separate elements of this sediment. (These bodies are 
yeast plants.) 

(Yeast is a one-celled plant that, with- 
out changing its yeast character, is capa- 
ble of transforming sugar into carbonic 
acid gas and alcohol. In its power to 
change a substance, without itself under- 
going transformation, it acts hke an en- 
zyme and hence is called a ferment organ- , 
ism. Many chgestive actions are per- 
formed either by enzymes or by ferment 
organisms, with results like that noted in 
Ex. XXX. Most enzymes are produced in the body by 
;an8 called glands.) 










XXXII. — Structure of a Typical Gland. 



Apparatus. — Microscope and accesaories used in the stud\ of tis- 
Buea, prepared slide of crypt of Lieb- 
erkiihn from tbe anjall intestine of maQ. 
t (Any other gland preparation will . 
erve.) 

Directions. — Examine first with 
the low power. Draw the entire '"^m 
gland and note the following points : 
the kind of tissue, the arrangement 
of the cells, the gland lumen, or i 
central cavity. With the high LT^no" f "giand""" 7msa 
power examine a few of the cells "ection; c ™noMtivo tissue. 
\ and their contents. Draw and note the position of 
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the nucleus, the protoplasm, and the secretion in various 
cells. Fig. 26 illustrates the relation of the sample, tubular 
gland, such as you have just studied, to the compound 
forms. 




Fio. 28.— Forms of Glands. 



A 
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XXXIII. — Dissection of a Rat's Digestive Organs. 

Apparfttus. — Chloroformed rat,* dissecting tray with was lining, 
scissors, forceps, bristle probes, 10% alcohol or 1% formalin. 

Directions.— Lay the rat on its back in the tray, stretch, 
and tie or pin the legs as in the diagram. Cover with 10% 
alcohol or 1% formalin. 

Locate the lower end of 
the breast bone and slit the 
skin from this point to the 
anus. On each side at the 
middle point of the sht, 
make a slit at right angles. 
Turn back the four flaps 
and pin them. 

Note the thin membrane 
{pmtoneum) lining the abdo- 
men, laitflexible? Remove 
this and, without disturbing 
the underlying parts, locate 
the stomach, the liver, and 
the coiled intestine. 

Press the intestine downward and determine the size, 
position, shape, and color of the stomach. Find the ends 
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that are connected with the intestine (pyloric end) and with 
the esophagus, or gullet (cardiac end). Note the covering 
of blood vessels. 

In the fold of the intestine (duodenum) next to the stom- 
ach, locate the fatty-looking pancreas. Find its dvx:t and 
trace its connection with the duodenum. 

Press forward the Uver and, on its posterior surface, find 
the bile sa^. Locate the connection of this with the two 
lobes of the Uver (the hepatic dv^ts). Open this sac and, 
with the probe, find its connection (the bile du^t) with the 
pancreatic duct and the duodenum. Note that the bile duct 
and pancreatic duct fuse and enter the duodenum by a com- 
mon duct. 

Examine the membrane (mesentery) which supports the 
intestine. Note its blood vessels. Carefully unravel the in- 
testine (Caution! do not break it) from the stomach to the 
anus. Determine the relative lengths of the small and the 
large intestme and the method of their joming. (This con- 
nection is guarded by a valve which acts in such a way as 
to prevent matter returning from the large to the small 
intestine.) 

SUt the stomach just below the gullet entrance and, with 
the probe, find its connection with the mouth. Above 
the Uver and the stomach, find the muscular partition 
(diaphragm) separating the abdominal from the thoracic 
cavity. 

Illustrate, by a diagrammatic drawing, the connections 
of the following parts: mouth, gullet, stomach, liver, pan- 
creas, small intestine, large intestine. 

Carefully remove the stomach, liver, pancreas, and intes- 
tines, and preserve the rest of the animal for further dis- 
section in 85% alcohol or 4% formalin. 
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XXXIV.— The Teeth. 

ApparatQS. — A hand mirror, a molar tc«th aawcd ia vertical sec- 
tions, an apple. 

Birections. — A. Kinds of Teeth. AVith the aid of the 
mirror and the finger count the number of teeth on each jaw. 
Is the number the same? Note that they may be divided 
into four classes according to shape. How many broad 



uiu 



n 






^ff fit 



teeth (vicisors) have you in the front of each jaw? How 
many with one point on the surface {canines)"! How many 
■with two surface points (bicuspids or premolars)? With 
more than two surface points (molars)? Tabulate these 
numbers as follows : 
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Upper Jaw 


Lower 
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Examine the mouths of animals, such as the squirrel or 
rat, the cat or dog, and the horse or cow. How do they 
differ as to the kind and nmnber of their teeth? ^Vhat kind 
of food does each animal eat? Which kind of food requires 
the most chewing? Do you see any connection between 
the food and the kind of teeth which predominates in each 
animal? 

B. Structure of a Tooth. Draw a section of a molar tooth. 
Find the following parts: the crown, the neck, roots or fangs, 
the covering of the crown (enamel), the covering of the fangs 
(cement), the central or pulp cavity with nerve and blood 
vessel aperture, the middle layer 
(dentine). Label all these parts in 
your drawing. Examine, if possi- 
ble, the jaw of a human skeleton to 
show the insertion of the teeth in it. 
C. The Use of Ike Teeth. Bite off 
a piece of apple and chew it. An- 
swer the following questions: Which 
teeth are used in the biting off of 
the apple? Which to chew it into 
; small pieces? Why are these latter 
d.d«,tmemd=-mg the pulp best adapted to break up the food? 
cavity; c. cement. Of what advantage is it that a 

horse's molars are ridged on the .surface? Could you tell 
from the examination of the teeth the kind of food an ani- 
mal eats? 

When a tooth decays what part actually decays? What 
is the difference in the functions of the enamel and of the 
dentine? How does the location of the nerves in the pulp 
cavity protect them? Why is a decayed tooth apt to 
ache? 
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XXXV. — Preparation of Digestive Fluids (Optional), 
A. Collection of Saliva. Wash the mouth out thoroughly 
with warm water to remove all foreign matter. Bow the 
head forward, turn out the lower Up, and collect the clear 
saliva as it flowa over the center of the lip. Collection should 
be made only a short time previous to use in experimenting. 
The saliva ehoulil give no reaction with Fehling'a solution, 

B. Artificial Gastric Juice. Obtain a pig's stomach. Cut 
it open and wash its contents out by gently flushing it with 
water. Remove the mucous membrane from the cardiac 
end, and after drying this with filter paper mince it and bottle 
with four or five ounces of glycerine. (The glycerine dis- 
solves the pepsin.) After three days filter through muslin. 
The filtered solution may be kept indefinitely. WTien 
required for use add 0.2% hydrochloric acid ^ in the 
ratio of one part of the acid to fen parts of glycerine 
solution. 

A substitute for the above is solid pepsin powder die- 
solved in water. For use, this should be treated with 
0.2% hydrochloric in the same way as the glycerine so- 
lution, 

C. Artificial Pancreatic Juice. Soak the pancreas of a 
pig in water over night. Then remove it from the water, 
mince, and add ten times its volume of glycerine. (Glyc- 
erine dissolves the pancreatin.) Filter as with gastric juice. 
This preparation is suited to the digestion of starches and 
proteids. For action on fats add ten volumes of 1.5% solu- 
tion of soilium carbonate, shake well, and filter. 

A substitute for the glycerine solution may be made by 

[| oontMning 2 porta of the concuntrutol 
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dissolving the solid pancreatin powder in water. For fat3 
add to this the sodium carbonate solution in the same way 
as to the glycerine solution. 

D. Bile. Open and extract the contents of an ox gall 
or dissolve prepared ox gall in water. 

E. Temperature Conditions. To obtain the best results in 
all artificial digestion experiments keep the materials used 
as near a constant temperature as is possible. For this 
purpose it is suggested that a constant temperature water 
bath be uaed, if possible. If this is unavailable an ordinary 
drying oven may be used with an Argand burner. Another 
substitute is a double boiler, — such as is used in cookery, — 
with the Argand burner. Place in test tubes the fluids and 
materials to be digested. Cover the inner chamber of the 
double boiler with a wooden cover having holes bored to 
fit the test tubes, and suspend the tubes in these. Heat 
the water in the outer part to the temperature desired 
and adjust the Argand burner to maintain just that t 
ature. 



XXXr\''I. — Digestion of the Mouth— Saliva. 

ApparatnH. — A little salt, dry cracker, dilute starch paste, white 
of egg, oiive oil, saliva, litmus paper, Fehling'a solution, concentrated 
hydrochloric acid, teat tubes, constant temperature apparatus. 

Directions. — A. General Functions of Saliva. Clear the 
mouth of saliva by swallowing, and wipe dry the top of the 
tongue. Place on the tongue a bit of salt. Can you taste 
the salt? Close the mouth, letting the salt stay on the 
tongue. ^Vhat happens in the mouth? Where does the 
saliva come from in the mouth? Where is it made? Was 
the presence of the salt on the tongue sufficient to cause its 
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flow? What does it do to the salt? Can you taste the salt 
DOW? Do you think the effect would be the same if the 
salt had been dissolved in water? Verify by placing a 
drop of salt water on the dry tongue. Name two functions 
of sahva that this experiment shows. 

Again clear the mouth of sahva, wipe the tongue dry, and 
place on it some powdered cracker. Try to swallow the 
cracker. Is it easily done? With the tongue moisten the 
cracker with saliva and try to swallow. Is swallowing easy 
now? What is another function of saliva? 

Chew some of the cracker slowly and note if any change 
takes place in its taste. Place on the dry tongue some 
cracker moistened with water. Is the taste the same? 
What power has the sahva that is not due to its liquid 
quality only? (This last power of tlie saliva is called its 
chemical power as distinguished from its purely mechani- 
cal properties.) 

B. Enzyme Action of Saliva. Place in four test tubes a 
little thin starch paste. Add a cubic centimeter of clear 
sahva to each, antl label Tubes 1, 2, 3, 4. Add a few 
drops of concentrated hydrochloric acid to the fourth 
> tube. In a fifth tube place 1 c.c. of saUva and a little 
minced white of egg, and label Tube 5. In a sixth tube 
place 1 c.c. of saliva and a few drops of olive oil. Label 
Tube 6. Shake each tube. Pack Tube 2 in ice, and keep 
Tube 3 in boiling water. 

Tube I. Test the mixture with litmus paper. Is it acid 
or alkahne? Now heat gently to a temperature of 36° C. 
Keep at this temperature for twenty minutes and then 
test with Fehling's solution. What has the saliva done 
to the starch? See Ex. XXX. What caused the change 
in the taste of the cracker in A? 
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Tube 2. After the second tube has been in ice twenty 
minutes test with Fehling'a solution. What is the effect 
of cold on the action of sahva? 

Tube 3. Keep the third tube in boiling water twenty 
minutes and test as above. What is the effect of high 
temperatures on the action of saUva? 

Tube 4. Heat tlie fourth tube to 36°C. for twenty min- 
utes and then test as above. Does the Fehling's solution 
give any test for sugar? (Acids prevent the enzyme ac- 
tion of sahva.) 

Tube 5. Heat the fifth tube to 36" C. for twenty minutes 
and then test with Fehling's solution. Does saliva convert 
white of egg to sugar? (Saliva does not affect any 
proteid.) 

Tube 6. Treat Tube 6 in the same way as Tube 5. Does 
sahva convert olive oil to sugar? (Saliva does not affect 
any fats and oils.) 

(The action of sahva is due to the presence of an en- 
zyme called ptyalin, which converts starch to grape 
sugar.) 

Tabulate all the functions of saliva. 



XXXVII. — Digestion of the Stomach — Gastric Juice. 

Apparatus. ^-Glycerine solution of pepsin or solid pepsin dis- 
solved in water, 0.2% hydrochloric acid, concentrated hydrochloric 
acid, caustic soda, alcohol, minced white of egg, starch, olive oil, 
milk, rennet disBolved in water, test tubes, dialyzer, constant tem- 
perature apparatus, distilled water, materials for xanthoproteic and 
biuret tests. 

Directions. — A. Action of the Enzyme Pepsin and Hy~ 
drocfUoric Acid. Label seven test tubes Tube 1, Tube 2, 
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etc., and prepare them as follows: In the first place 5 c.c. 
of the glycerine solution or dissolved pepsin and dilute with 
10 c.c. of water. In the second tube put 15 c.c, of the 
0.2% hydrochloric acid. In the third, fourth, and fifth tubes 
place 15 c.c. of glycerine solution which has been diluted 
previously with ten parts of 0.2% hydrochloric acid to one of 
glycerine solution. Prepare the sixth tube in the same way 
as the third and then add 5 c.c. of concentrated hydrochloric 
- acid. Prepare the seventh tube in the same way as the third 
and then add 5 c.c. of caustic soda solution. Add to each of 
the seven tubes some minced white of egg, and shaite. Place 
Tubes 1, 2, 3, 6, and 7 in a temperature of 36° C. and keep 
at this temperature for twenty-four hours. Place Tube 4 in 
ice. Keep Tube 5 in boiling water. 

At the end of twenty-four hours examine all the tubes. 
In which is the white of e^ dissolved? What nutrient forms 
the bulk of white of egg? From the result in Tube 2, docs 
hydrochloric acid alone dissolve white of egg? What is the 
effect of cold on the action? of high temperature? Does ex- 
cess of hydrociiloric acid help or hinder action? Why is a 
basic substance like sodium bicarbonate given in case of sour 
stomach? Does pepsin act in the presence of a strong base 
like caustic soda? (Pepsin requires for its action a slightly 
acid medium, such as is found in the stomach.) Will ptyalin 
act in an acid medium? Can it convert starch to sugar in 
the stomach? 

Now place the contents of Tube 3, containing the dis- 
solved proteid, in the dialyzer, and put distilled water in 
the outer jar. After twenty-four hours test the water 
in the outer jar by the xanthoproteic and biuret 
tests for proteid. Does the proteid solution pass through 
the membrane? Docs white of egg dialyze? (See Ex. 
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XXIX.) This form of crystalloidal proteid is called 
'peptone. 

Add a little alcohol to some of the peptone solution re- 
maining inside the dialyzer. Filter off the precipitate. 
Does it resemble coagulated albumin? Add water to 
some. Does it dissolve? Does coagulated albimiin dis- 
solve? 

Prepare two tubes in the same way as Tube 3, but sub- 
stitute starch paste in one, and oUve oil in the other, for 
the white of egg. Examine after twenty-four hours. Are 
they dissolved? 

B, Action of the Enzyme Rennin, Add a Uttle of the 
rennet ferment (which contains rennin.) dissolved in water, 
to a Httle milk in a test tube. What happens to the milk? 
Filter off the precipitate. Test it for proteid. (Rennin 
coagulates the proteid in milk.) 

Now add a Uttle of the glycerine solution of gastric juice 
to some milk. Does the action resemble that of the rennin 
solution? (Gastric juice contains rennin. Pepsin will not 
convert milk proteid into peptone unless the milk proteid is 
previously coagulated; hence the necessity of the rennin 
action.) 

XXXVIII. — Digestion of the Ii^testine — ^Pancreatin 

AND Bile (Optional). 

Apparatus. — Prepared solution of pancreatin (see Ex. XXXV), 
1.5% sodium carbonate solution, solution of ox gall, hydrochloric 
acid, caustic soda, materials for food tests, constant temperature 
apparatus. 

Directions. — A, Action of the Proteid Enzyme of Pan- 
creatin (Trypsin). Prepare five tubes as follows: Into each 
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put 10 c.c. of solution of panereatin, and eome minced white 
of e^. Label Tubes 1, 2, 3, 4, and 5. To Tube 4 add 5 c.c. 
of hydrochloric acid and to Tube 5 add 5 c.c. of caustic 
soda solution. Keep Tubes 1, 4, and 5 at 36° C, Tube 2 
on ice, and Tube 3 in boiling water for twenty-four 
hours. 

At the end of twenty-four hours examine ail the tubes and 
note in which the proteid is dissolved. What is the effect 
of cold on the action? of high temperatures? of excess of 
acid? of excess of alkah? Test Tube 1 with htmus. What 
is its reaction? 

(Panereatin contains an enzyme called trypsin, which, 
like pepsin, acts on proteid and converts it into peptone.) 
From the above experiments, does trypsin require an acid 
medium? (Pepsin will not act in the intestine becaiise the 
contents of the Intestine are alJiahne.) 

B. Action of the Starch Enzyme of Panereatin (Amylopsin). 
Place a little panereatin solution in three test tubes and 
label Tubes 1, 2, and 3. 

Tube 1. Test with Fehling's solution. Does the pan- 
ereatin solution contain grape sugar? 

Tubes 2 and 3. Add to the second and third tubes a httle 
dilute starch paste. Test with htmus. Is the solution acid 
or alkaline? To Tube 3 add enough hyLlrochloric acid to 
give a distinct acid reaction with litmus. Keep both tubes 
at 36° C. for twenty-four hours. Then test with Fehling's 
solution. Record results. Are they the same in both 
tubes? 

(Amylopsin will act only in a basic medium.) 

C. Emulsion and Action of Fat Enzyme (Sfeapsin). To 
panereatin solution add the 1.5% sodium carbonate solu- 
tion as directed in Ex. XXXV, C, Shake some ohve oil in 
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a test tube with this solution. Let it stand a moment. 
Do the oil drops reunite after separation aa when shaken 
with water? Is the oil dissolved? (This is an emulsion, 
which is formed when separated particles of oil are kept 
from reuniting by some surrounding medium. Such action 
is called mechanical as contrasted with the chemical action 
of a ferment.) 

Boil some olive oil with caustic soda. Smell this solu- 
tion and describe its odor. Taste it. What has been 
formed? Is this product soluble in water? (The conver- 
sion of fat into soluble soap is called saponification. This 
action is perfonned by the pancreatin, without boiling, by 
aid of the contained ferment called steapsin.) 

D. Action of Bile. Examine some of the gall from an ox 
gall. What is its color? taste? (Human gall, or bile, is 
golden brown.) Test some of this ox gall with litmus. Is 
it acid or alkaline? Shake up some of the gall with olive 
oil. Does it emulsify the oil? Add some of the gall (bile) 
to minced white of egg and keep at 36° C. for twenty-four 
hours. At the end of that time test the mixture with food 
tests. Has the bile converted the white of e^g? Repeat, 
using starch paste instead of white of egg, and follow with 
food tests. Has the bile converted the starch? (Bile con- 
tains no enzyme and hence can not convert any form of 
nutrient.) 

XXXIX. — Digestion op Mineral Salts (Optional). 

Apparatus. — Phosphate of lime, sodium chloride (common salt)j 
dilute hydrochloric acid (10%), teat tubes, evaporating dish. 

Directions. — Shake up some sodium chloride with water 
in a test tube. Do the same with some phosphate of lime 
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H in another tube. Do the salts dissolve? Soluble salts may 
H be digested in all parts of the digestive tube, since all con- 
H tain water. Salts wfiich are insoluble require special treafr- 
H ment. 

W Place some phosphate of hme in the 10% hydrochloric 
acid. What happens? Is this solution? To determine this 
point pour some of the Hme and acid mixture into an evap- 
orating dish and evaporate to dryness. Does the residue 
taste like phosphate of lime? Is it soluble m water? Since 
the hydrochloric acid is used up, the action is not that of 
sn enzyme. The resulting residue is not phosphate of lime; 
hence the action is not a sunple solution. WTiat has taken 
place is a chemical combination of hydrochloric acid and the 
phosphate, producing a salt which is soluble in water. This 
process illustrates a method of converting insoluble salts into 
forms soluble in water, and is a process that takes place in 
the stomach. J 

XL.— Tabulation op Nutrient Digestion (Optional). 

Directions.— Fill out the foUowmg table from the results 
obtained in the preceding exercises. If a given nutrient 
is digested by more than one reagent, indicate by separate 
entries for efich as indicated in the table. 


■ S^..»T. 


Rmion oi- Aliubntahy 
Tract DioEaTEn xs. 


DiQiBTiyB Reaqgnt 


■'"■,::„S'—" 


H Proteid 

■ Btvch 

■ Slvcb 

■ fata 

■ FatB 

■ Bolubid Salts 

■ Ir«nl RatU 






' 
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XLI. — ^Microscopic Anatomy op the Digestr-e Tract 
(Optional). 

Apparatns.— Prepared slides of the cross sections of the walls 
of the esophagus (middle part), stomach {pyloric section), small 
intestine (injected blood vessels); eompomid microscope. 

Directions. — Make drawings of each section studied and 
label tile parts. See Figs. 30 and 31. 





of Injected Small Intestine 
of Cat a b m ico'ia g villi i their abiHirt>- 
enl vessels h sunpie fall cles c musculuia 
muoosio: d. Bub-mucora; e, i', ctrrulsr and 
loneiludmal Uyen of muscle; /. fibrous coat. 



XLII. — Oeneral Properties of Blood. 



Apparatus. — Glass slides and cover glasses, magnifier, microscope 
\ needle, normal salt solution (0.6% solution), neutral carminate i 



Directions. — ^Wind a handkerchief tightly around the 
thumb, just below the joint. Now bend the upper joint. 
The blood will collect on the top of the thumb just below 
the nail. SteriUze a needle by holding it a second in a, flame,! 
and prick the thumb just below the nail. The blood fronfl 
. the puncture may be easily and quickly transferred to a 
3 slide. 

A. With a magnifler examine a drop mounted as abovejl 

s it all liquid? Is it the same color throughout? Describe 

Ithe color at the edge of the drop. Let the drop remain on 

' tte slide for ten minutes and examine again. Is it liquid 

now? Prick at it with the needle point and describe its 

consistency. This formation is called a dot. Examine the 

puncture on the thumb with the magnifier. Has it stopped 

bleeding? What is the condition of the blood on the surface 

of the puncture? Does it resemble the contlition of the drop 

on the slide? Bind up the thumb as before and flex the 

I upper joint. Does the puncture bleed again? Wash off 

I'the clot with water. Does the bleeding begin again now? 

the ailvantage of this clotting action of the 
I when exposed to air? 
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B. Mount a drop of blood quickly, and examine at once 
with the high power of the microscope. Note the rouleaux 
of colored corpuscles. What is their color? Note also the 
white or colorless corpuscles (colorless corpuscles tend to stick 




lUBcleat .^ , red corpuselea in rouleaui; a, a, catorleaBoorpoKln 
t X 4001; B, red corpuBcles in fooua; C. view of edge: D. three-quarteTB view; E, 
red corpus^ie »walleD with water; F, G, //, difitorled red corpuaclea. 

to glass ; hence they will remain if the cover glass is pressed 
with a needle so that the current will drive the others aside; 
and they can then be more readily seen). What is the color 
of the hquid in which the corpuscles are floating? This 
liquid is called the plasma. Let tliis preparation stand for 
fifteen minutes and then run under the cover glass a drop 
of strong solution of neutral carminate of ammonia,^ This 
decolorizes the red corpuscles but biings out the nuclei of 
tlie white corpuscles and the fibrin filaments. Draw some 
of the white corpuscles and note the shape of the fibrin fi,la- 
ments. Note how the entanglement of these filaments forms 
the foundation of the clot. 

C. Mount a drop of blood as In B, but before covering it 
with the cover glass, atld a drop of normal salt solution. 
This causes the separation of the red corpuscles. Draw a 
surface view and on edge view of a red corpuscle under the 

'A pennanent mount may be made &( this prEpaniUon i( a little glycerine 
\a allowed to diffuse under the cover glass and the cover slip is then eemenled 
■with gold size. 




high power. How do red corpuscles differ in appearance 
from the white corpuscles? Have they a nucleus? 



XLIII. — Study of Beef or Pig Blood. 

Apparatus. — Five-ounce bottlea, fresh blood, egg beater, teat 
tubea, food-testing materials, constant temperature apparatus, com- 
pound microscope, slides and cover glasses, distilled water, dialyzer. 

Directions. — A quart or more of fresh-drawn blood 
should first be obtained from a butcher. Divide this among 
the five-ounce bottles as follows : 

Bottle 1. Fill with fresh blood and cork so as to exclude 
all air. 

Bottle 2. Fill two-thirds full and leave uncorked. 

Bottles 3, 4, and 5. Fill two-thirds full and cork. 

Place the remainder of the blood in a basin and whip 
vigorously with an egg-beater or twigs. Take off the stringy 
substance that collects on the beater, and wash it in water 
until it has lost its red color. Put it in Bottle 6 and add 
to it a Httle water. 

Pour the whipped blood into a suitable-sized bottle and 
label it Bottle 7, Leave uncorked. 

A. Study of Coagulation or CloUing. Place Bottles 1 and 
2 in ordinary room temperature. Examine frequently for 
several days. In which bottle floes the clot form quickest? 
Does the absence of air in Bottle 1 have any effect on the 
rat« of clotting? 

Place Bottle 3 in a constant temperature of 36° C. and 
pack Bottle 4 in ice. In which does the clot form quickest? 
Does temperature affect the rate of clotting? 

Place Bottle 5 under the same conditions as 1 and 2 but 
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shake from time to time. Does this affect the rate of 
clotting? 

Place Bottle 7 with 1, 2, and 5. Examine after three days. 
Has this blood clotted? What is missing in it? (The sub- 
stance is called fibrin.) 

Summarize the conditions best suited to clotting. The 
exact reason why blood clots when it is not in a healthy 
blood vessel is unknown. 

B, Study of the Clot, Pour off the Uquid from all the 
bottles in which a clot has formed and place it in Bottle 8. 
(This Uquid is called serum,) Then break one of the bottles 
containing a clot and remove the clot entire. What is its 
shape? color? consistency? Cut off a thin sUce of it and 
examine it under the microscope. What parts can you 
distinguish? Does it contain any corpuscles? The jelly- 
Uke substance is to be found in its pure state in Bottle 6. 
Examine some of this fibrin. What is its color? Test it 
for proteid. What is the result? Explain in a few words 
the formation of a clot and the part played in its formation 
by the fibrin and the corpuscles. 

C Study of the Serum. Examine the Uquid in Bottle 8. 
What is its color? Why is it not red? 

Test a Uttle with iodine solution for starch. Since starch 
must be digested before it can be absorbed into blood, why 
should you expect this result? 

Test some of the senmi with Fehling's solution for the 
presence of grape sugar. Do you get a strong test? What 
does this result suggest as to the amount present? 

Bum a Uttle serum on a piece of platinum foil. Does it 
contain any mineral matter? 

Place a drop on a piece of unglazed paper and let it 
evaporate. Does it leave a grease spot? 
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Heat a little serum and test for proteid. Can the proteid 
present be fibrin? Reasons? What use is made of the 
foods present in senmi? How do they get into the serum? 
(See Ex. XXX.) What is one function of the blood? 

D. Study of Defibrinated Blood, Examine the contents 
of Bottle 7. How does this blood differ from fresh blood? 
from serum? 

Place some of this blood in the dialyzer. Fill the outer 
jar with distilled water. Does the color of the water in the 
outer jar change? After a time test the water in the outer 
jar for proteid, grape sugar, minerals. What part of the 
blood dialyzes? 

Fill a bottle half full of defibrinated blood and shake it 
vigorously. Does it change in color? What was mixed 
with the blood by shaking the bottle? (One function of the 
colored corpuscles is to take up oxygen. This function, 
which heightens their color, is due to the iron they contain; 
see Ex. VI.) Look up in your text the use of the white 
corpuscles. 
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XLIV. — ^Properties and Location of Arteries and 

Veins. 

Apparatus. — ^A watch with a second hand, a needle, a chemical 
thermometer. 

Directions. — ^Examine the back of the hand and wrist 
and locate the dark-colored veins. Is the blood this color? 
Place your finger on a vein. Can you feel any motion? Is 
there any difference in the size and prominence of the veins 
when you exercise violently? Why should you expect this 
result? 

Find your pulse on the palm side of the wrist. Count its 
beats and record the number per minute. Test this rate at 
various times of the day. Is it uniform at all times? Test 
your body temperature at the same time by placing the bulb 
of the chemical thermometer under the tongue. Does the 
temperature vary with the pulse rate? Does either increase 
after violent exercise? If food is burned up by exercise, and 
blood contains oxygen and food, how do you account for 
these effects? 

Examine other parts of the body for veins and arteries 
(pulse always indicates the presence of an artery). Which 
are most numerous on the surface? Which are best pro- 
tected? The bleeding of a cut artery is much more difficult 
to stop than that of a vein, owing to its pulsation. 
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Examine the skin on the back of the hand between two 
veins. Can you see any blood vessels? Place tlie finger 
on this part. Can you feel any pulse? Prick through the 
skin at this point with a sterilized needle. Does the punc- 
ture bleed by spurts or steadily? The small blood vessels 
filling these places are called capillaries on account of their 
small size {capillus=& hair). They connect the veins a»d 
arteries. 



XLV. — Circulation in a Frog's Foot. 

ApparatnB. — Compound microscope, cover slip, live frog, shingle, 
wet absorbent cotton, and cloth. 

Directions. — Bind a live frog in wet absorbent cotton, 
leaving one leg extended. Fast«n the frog, so bound in place, 
on a frog board (a piece of shingle with a hole the size of a 
cover slip at one end). Stretch the web of the foot over the 
hole in the board. Fasten it securely, with the stretched 
web as level as possible. Mount this board on the micro- 
scope stage in such a way as to bring the web-covere<l hole 
under the objective of the microscope. With a pipette 
place a drop of water on the top of the web, and cover with 
a piece of cover slip. Illuminate in the usual way and focus 
first with the low and then with the high power. 

Note the network of blood vessels and the slow-moving 
stream of corpuscles within them. Are the corpuscles the 
same size and shape as those in the human blood? Is there 
more than one kind? Observe that in some of the blood 
vessels the blood moves in spurts at regular intervals. What 
kind of vessels are these? Does the blood m these flow from 
Lot toward the body? Follow the course of the blood from 
toese into the smaller tubes where the corpuscles move in 







CIRCULATION AND THE BLOOD SYSTEM 75 

middle layer consisting of a mixture of muscle and elastic 
fibers, and the outside layer or coat of connective tissue 
biuidles. Make careful 
drawings of the two prep- 
arations, showing the lo- 
cation and form of these 
layers, and label the abo\e- 
nientioned parts. In which 
of the two forms of blood , 
vessels is the elastic and 
muscular coat thickest ' 
Why should you expect 
this condition from the 

method of flow of blood ^l 34— rros^ Ssction of an Anery a 
in each? What is the nective Ussue d amall artery to oouriah 

special advantage of the '"'■««'"'« 
elastic fibers in the artery'' In what waj do the> aid to 
the capillaries filled at the end of an artery pulsa- 
tion? Is the pressure greatest in arteries or in veins? 



XLVII. — Struotuhb of the Heart. 

Apparatus. — Sheep's heart from the butcher with pericardium 
attached, bristle seekers, dissecting instrumeuta. 

SirectioiiB. — Locate the parts named below, and make 
drawings to show their position. 

A. Note that the heart moves easily inside a loose sac. 
Cut this pericardium open and observe its shppery inner 
coat. Note a similar coat on the outside of the heart. 
What lies between these two coats? This liquid and the 
slippery coats prevent friction when the heart pulses. 
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L ing parts of the heart proper ■ right and left auricles, right and 

I left ventricles. By nght and left are meant the parts of the 

heart that are nght and left in its position in tlie body. 

Which parts have the thickest walls? The walls are made 

r cf muscle, and these thick-w ailed parts do the pin 




Fra. aa.— Right Anriola and VantriclB (Sheep): RA. RV, right BUrielB 


and ven. 


tride; IVC. SVC. inferior and m.perior yens ravH-; u, b. briatle B«ke 


IK shotriDS 




lulcaonary 


iirldry; (u, triciupiii valve; pp, papillary muscle; ev. Bemihmar yalvea. 





D. Cut off carefully the front walls of the right auricle 
and ventricle. By means of the bristles locate the entrance 
into the auricle of the inferior and superior venm cavw, and 
the entrance into the ventricle of the pulmonary artery. 
Ilnd the connection between the auricle and the ventricle 
.and note the tricuspid valve tliat closes tliis entrance. Lo- 
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cate also the chordw tending that attach this valve to the 'pap- 
illary muscles on the surface of th,e heart. What is the effect 
of the contraction of the ventricle on the action of this valve? 




FiQ. 37.— Left Aur 






L 



Note finally the •semilunar laZies at the entrance to the pul- 
monary arterj How does their arrangement prevent the 
backward flow of blood into the heart' 

E. Cut off the front walla of the left auricle and ventricle 
in the same way. Have they any connection with the ri^t 
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side of the heart? Locate, with the aid of the bristles, the 
entrance of the ^pulmonary veins. How many enter the 
auricle? Find the entrance from the auricle to the ventricle, 
and the mitral valve which guards this entrance. Does it 
show chordae tendinae and papillary muscle attachments? 
How does it xliffer in shape from the tricuspid? Locate the 
semilunar valves at the entrance of the aorta. 

Make a careful diagram of the course of circulation through 
the heart to the lungs and back to the heart and body. 



THE BODY SKELETON 
XL VIII. — Study of the Skeleton. 

Apparatns. — Human skeleton. 

Directions. — ^Tabulate as follows, the various classes of 
bones: 



Kind of Bone. 



No. 



Name of Bone. 



Location in Body. 



Function. 



XLIX. — Gross Structure of Bones. 

Apparatus. — Fresh rib, thigh bone, and dorsal vertebra; saw, 
needle. 

Directions. — A. The Rib, a flat bone. Draw the bone 
from the flat side. What is found at the ends of the bone? 
What is the color, consistency, and function of this sub- 
stance? Bend the bone. Is it flexible? Pick off the mem- 
brane (periosteum) that covers the bone. Does it separate 
easily from the bone? Does it tear easily? Are all parts 
of the bone protected by this covering? 

Saw the rib across. Examine the section and draw it, 

labelling the parts in the order in which they occur. What 

part is periosteum? hard bone? spongy bone? marrow? 

Examine the central marrow. What is its color? How 
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feel? Heat some in water in a tube. What collects 

top of the water? 

B. The Thigh Bone, or Shank, a long 
bone. Draw the bone, and shade with 
different colors the parts that are covered 
with cartilage and with periosteum. What 
is the fimction of the enlarged heads of 
this bone? Of what advantage is it that 
they are irregular in surface? 

Saw the bone lengthwise, draw, and 
label the parts. In what portion of the 
bone is the marrow most plentiful? Is 
the shaft solid? What is the advantage 
of this condition? 

■ C. The Dorsal Vertebra. Draw a dor- 
sal vertebra from the side and from the 
top. With the aid of the diagram locate 
the following parts; The body of the 
vertebra, spinous process, transverse proc- 
esses, spinal cavity, rib articulations. 




vertebral articulations. How are the articulations pro- 
tected? What is the function of the processes? 
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L. — Composition of Bone (Optional). 

Apparatus* — ^Two clean ribs, a soup bone split in two, 20% 
hydrochloric acid, bottle big enough to hold rib, evaporating dish, 
food-testing materials, Bunsen burner. 

Directions. — A, Place one of the ribs in the bottle and 
fill the bottle with the 20% hydrochloric acid. Let it stand 
for a few days. At the end of that time examine it. Has it 
changed in shape? Take it out of the bottle and bend it. 
What power has it lost? What substance is left? Hold a 
little of it in the flame. Does it bum? Pour a little of the 
acid from the bottle into the evaporating dish and evaporate 
to drjmess. What kind of substance is left? What material 
did the acid dissolve out of the bone? 

B. Bum the other rib. What is the shape of the part that 
is left? Is it flexible? Put some of it in the acid. Does it 
dissolve? Name the two main constituents of bone. 

C. Cover the split soup bone with water and gradually 
bring to a boil. Strain off the liquid and let it cool. What 
do you find floating on the surface? What forms as it cools? 
What is the character of this substance? Test for foods. 



LI. — Structure of a Joint. 

Apparatus* — Fresh leg joint of lamb or veal, scalpel. 

Directions. — ^Examine the tissue that binds the two 
bones together. What is the character of these bands, or 
ligaments'! Are they flexible? How do they control the 
direction of movement of the bones? Cut off the ligaments 
with a scalpel. Note the Uquid foimd within. What does 
it look like? (It is a lubricant called synovial fluid). 
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Examine the ends of the bones. With what are they 
covered? Press this surface. Is it elastic? What is the 
advantage of this? Is the surface smooth? Of what ad- 




vant^e is this? What is the reason for the eolai^ed ends of 
the bones? for their irregular surfaces? 



LII. — Forms of Joints. 



AppintDS. — ^The human skeleton. 

Directions. — Examine the following joints and describe 
the range of motion of each: Knee, elbow, vertebral, 
shoulder, hip, jaw, head and spine, bones of the skull, ribs. 

Name the bones united in each case and classify the joints 
under the following names: Hinge, ball and socket, gliding, 
rotary, dovetail, symphysis. 

Which of the above are movable joints? fixed? 



MUSCLES AND MOTION 
LIII. — ^Dissection op the Muscles. 

Apparatas. — ^The body of the rat used in Ex. XXXIII (any 
other animal will serve the purpose and if a demonstration is desired 
for the study of the leg muscles the leg of a sheep may be substi- 
tuted), scalpel. 

Directions. — Carefully cut off the hind leg of the rat, 
close to the hip joint, and remove the skin. Note the 
muscles covering the bones and the glistening white muscle 
sheath (perimysium) covering each muscle. At the ends 
of the muscles note the white tendons. Are the muscles 
attached directly to the bones? The end of the muscle that 
moves most in contraction is called its insertion; the one 
that moves least, its origin. Where are the tendons most 
numerous? How does this arrangement avoid clumsiness 
in the foot? Compare with the arrangement in your own 
hand and foot. Is it the same? 

Separate the tendons and muscles without cutting them, 
and pull on each to determine what part of the leg it con- 
trols. Muscles that extend a joint are called extensors, 
those that bend it are called flexors. Note that all these 
muscles have a thick center, or belly, and tapering ends with 
tendons attached at the ends. Those muscles with two ten- 
dons at the origin are called biceps; those with three, triceps. 
Examine one of these tendons. How is it different from a 
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muscle? Is it elastic? Wliy should you expect this from its 
use? 

Remove the skin from the sides of the body. How do 
the underlying muscles differ from the leg muscles? Have 
they tendinous ends? What two classes of muscles based 
upon their form can you name from your study? Mention 
some other parts of the body where these kinds of muscles 
can be found. 

Preserve the rest of the rat's body for future use. J 



LTV. — Gross Structtjhb op Muscle, 

Apparatus.— A bellied muacle from the rat or frog (a piece of 
freah beef will serve), aeedlea, compound microscope and slides, food- 
testing materials. 

Directions. — Boil the muscle in water for a few moments 

, and pick it to pieces with the needles. Note that it sepa- 
rates easily into bundles. Why is cooked beef more easily 
chewed than raw? Bxamine the perimysium covering the 
bundles. What sort of tissue is it? Describe its appear- 
ance. What purpose does it serve? Place one of these 
bundles in a drop of water on a slide and with the needles 
tear off the perimysium and tease the bundle into fibers. 
Examine one of these fibers under the low power of the 
microscope. Note its covering (sarcolemma) and its striated 
appearance. All muscles under direct nerve control (vol- 
untary muscles) show this striation. (For the minute 
anatomy of this fiber see Ex. XXVII.) 

Apply the xanthoproteic and other food tests to pieces of 
the muscle. From the strength of the various reactions, 
what is the main constituent of muscle? Why does an 
athlete require a diet rich in proteid ? 
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LV. — Nerve Muscle Preparation (Optional). 



Apparatas. — Put a frog in a bottle or jar, pour in a little chloro- 
form, and cork the bottle. As soon aa the frog ia still, remove it 
from the jar and, with a scalpel, sever the spina! cord just back of 
the BkuJl. With a, wire, destroy the brain and spinal cord. Dissect 




"1 




away a hind leg; remove all the muscles except the gastrocoeniius, 
and separate this at its lower attachment. Fasten the femur strongly 
in a clamp. With a pointed glass rod separate the sciatic nerve at 
the upper part; do not touch it with metal instruments. Into the 
lower end of the muscle insert a hook and connect it with a lever 
B3 in Fig, 42. Connect a copper wire, insulated except at the end 
which ia to be used as an electrode, with each pole of a battery of 
two dry cells. For convenience a key of some kind may b 
in tbe drcuit to make and break. 



may be inserted M 
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Directions.— Touch the free end of the nerve with the 
two electrodes. What happens to the muscle? Record the 
extent of the action. 
This shows that nerve 
stimulation may cause 
the muscle to move. 
Keeping the electrodes 
in contact with the nerve, 
note whether the action 
continues. Remove the 
electrodes. What ' hap- 
pens? Repeat this proc- 




mark the distance that n, bcIi 
the lever moves each <-'°^^'- ''■ bfl"afv. 
time. Is it the same? Does the action increase or de- 
crease? This result illustrates what may happen from over- 
stimulation; namely, mriscle fatigue. 

Repeat the experiment, applying the current to the body 
of the muscle instead of the nerve. Compare with the re- 
sults of tlie first experiment as to extent and strength of the 
action. 

In both of the above experiments what property of the 
muscle is stimulated? Why is muscle called contractile 
tissue? 



LVI. — Study of Lever Action (Optional). 

Apparatna. — Wooden bar with holes near the ends and at the mid- 
dle (exactly halfway between the end holes), spring balances. 

Directions. — A. Support the bar by the middle hole (see 
Fig. 43, A), and trim the bar tiU it balances level. Fasten 
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the spring balances in the two end holes. Pull down i 
each, keeping the bar horizontal. Compare the pulls regis- 
tered by the balances. What is their relation? Attach one 
balance halfway between the end and middle holes, keeping 
the second balance in the other end hole. Pull until the bar 




tulcnim or pivot; P. pull. 

is level as before. What is the relation of the registered 
pulls now? Verify the following law by chan^ng the posi- 
tion of the two balances. 

Weight X perpendicular distance from the pivot equals 
Pull X perpendicular distance from the pivot. {Perpendic- 
ular distance is measiu'ed from the pivot at right angles to 
the direction in which the force is acting.) 

This arrangement of lever is called a lever of the first class. 

B. Support the bar by one end hole, and at the extreme 
end attach a weight so that the bar will balance level; then 
insert the balances in the other two holes (see Fig. 43, B). 
Pull down with the one nearest the pivot (Weight), and up 
with the one at the end (Pull). Record the pull and weight 
when the bar is level, measure the distances from the pivot, 
and see if the law of A still holds. This arrangement is 
called a lever of the second class. 

C. If the pull nearest the pivot be called the Pull and the 



[ other the Weight, the arrangement is called a lever of the! 
third class (see Fig. 43, C). 



LVII. — Levers of the Body (Optional). 

Directions. — A. Locate on the upper arm the biceps 

muscle, or flexor of the arm. Where is it attached to the 
forearm and how far (perpendicular distance) from the 
elbow? Measure the perpendicular distance from the elbow 
to the center of the palm. If now we put a weight of 
ten pounds in the palm and bend the arm, what class of 
levers is illustrated? How much force is required on the 
part of the muscle to raise ten pounds' weight? By se- 
lecting different weights to lift, determine the maximum 
strength of the biceps muscle. What muscle is used in 
striking an outward blow with the fist? Where is it located 
and inserted? Note that the flexors and extensors in other 
parts of the body are usually arranged in pairs. 

B. Examine the relation of the muscle, weight, and pivot 
' in the following cases, and tell which class of lever each 
I illustrates; Jaw action in chewing, flexing of the fingers, 
t movement of the legs in kicking, bending the body, move- 
[ ment of the foot about the ankle (see Fig. 43). 

NoTE.^The inatructor can suggest other problems of the above 
I nature to make clear the laws of lever action. 



RESPIRATION 
LVIII. — ^Dissection of a Rat's Lungs. 

Apparatus. — Body of the rat used in Exs. XXXIII aD.d LIII, 
scalpel, glass tube of one-eighth inch diameter. 

Directions. — ^Remove the skin from the surface of the 
ribs and throat. Examine carefully the muscles between 
the ribs {intercostals). Seize the base of the breast bone and 
move it up and down. Notice the motion of the inter- 
costals during this process. 

Insert the glass tube in the top of the windpipe through 
the throat opening, and blow gently through this tube. 
Observe the motion of the ribs and the motion of the muscu- 
lar diaphragm that forms the partition between the ab- 
dominal and thoracic cavities. Press the diaphragm up with 
the finger and note that air is forced out of the tube. 

Now cut the ribs where they join the breast bone, and press 
them back to expose the organs of the cavity. Sketch the 
position of the lungs and heart. Compare with Fig. 35, 
page 76. Note the texture of the lungs and observe the 
windpipe (trachea) with its cartilage rings. (These are nec- 
essary to prevent collapse of the tube.) How is the windpipe 
connected with the lungs? 

Carefully dissect out the lungs and windpipe and float 

them in water. Cut them at the entrance of the windpipe 

and trace out the bronchi and their branches. How do these 
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branches end? (This large amount of branching allowa the 
air to be brought in contact with very many small blood 
, through the walls of which oxygen is absorbed by 
the blood.) 

LIX.— Meckanicb op Respiration. 



I 



Apparatus. — A glasa bell jar open at the top, a glass tube with 
a toy balloon firmly bound to one end, a stick with a knob, a piece 
of sheet rubber, a, o:ie-holed stopper to fit top of bell jar. 

Directions. — Pass the tube through the stopper and seal 
it in ])lace with wax. Insert the stopper in the top of the 
bell jar with the balloon inside the jar. Tie the knob into 
the center of the rubber sheet and fasten the latter tightly 
across the base of the bell jar, leading the stick outside to 
serve as a handle. With t!iis arrangement the tube cor- 
responds to the trachea, the balloon to the Ivings, the rubber 
sheet to the diaphragm, and the jar to the thoracic cavity. 

Now move the handle downward so as to stretch the 
diaphragm. What happens to the balloon? What causes 
this action? Move the handle upward. What happens to 
the balloon now? Why? How does the diaphragm secure 
rhythmic inhaUng and exhaling, i. e., inflow and outflow of 
air? 

LX. — Study of Expired Air, 

Apparatus. — Chemical thermometer, limewater, test tube, glaas 
tube, large-moutlied bottle, pneumatic trough. 

Directions. — A. Temperature. Breathe on the bulb of the 
thermometer and determine the temperature of the expired 
Place the bulb under the tongue and determine the body 
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temperature. How does the temperature of the expired air 
compare with that of the body, or blood temperature? Test 
this on several successive days and note whether the tem- 
perature varies with the external temperature or is con- 
stant. 

B, Composition. Breathe on a piece of glass. What col- 
lects on the surface? Does expired air contain more or less 
moisture than inspired air? 

Fill the test tube half full of limewater and blow the 
breath gently through it by means of the glass tube. What 
change takes place in the Umewater? What does this in- 
dicate? (See Ex. V.) 

Fill the bottle with expired air by the method of Ex. II. 
Turn the bottle mouth upward and introduce a lighted 
match into it. Does the match continue to bum? What 
does this indicate? (Air expired in ordinary breathing has 
lost about one-fourth of the oxygen contained in the air 
inspired.) 



LXI. — Study of a Lamb's Kidney (Optional). 



ApparatDH.— A freah lamb's kidney with its capsule of fat, scalpd. 
Directious. — Carefully remove the outer layer of fat and 

the membranous inner capsule. What is the fimction of this 
I material? (A dissection of the rat makes a good demon- 
l-Btration of the location of the 
' kidneya and their relation to 

ureter and bladder.) Cut the 

kidney lengthwise so as to split 

the ureter where it emerges from 

the concave side. On the cut 

surface make out the pale inner 

striated medulla and its pyramids 
k of Malpighi, the outer cortex, and 
I tiie iiUermediate layer between the 
I two. Note also the enlarged upper 
|,end, or pelvis, of the ureter; the 
^cavity, or sinus, into which it ] 
I opens; and the tubes, or calices, ^^ ^^e°'^- "J m^ii!^™^ "' 

I between the projecting pyra- glomeruluB; (.uriniferoua tubule; 

I midfl. Note also the entrance of 

I the renal artery into the kidney, and the renal vein, just 

l above the ureter. From the accompanying Fig. 44 make 
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out the parts which act in removing the waste. (The artery 
brings in the blood, which gives up its waste in the glomer- 
ulus. This waste is collected by the tubule and emptied by 
it into the ureter. The capillaries collect the blood which 
has been cleared of its waste, and return it to the vein.) 

Note. — Prepared sections of injected and stained cortex may be 
shown and the following parts demonstrated: Malpighian bodies, 
m-iniferous tubules, and capillaries. 



LXII. — Study of the Skin. 

Apparatus. — Prepared slide of epidermis (that from the sole of 
the foot preferred, from its thickness), a vertical section of a hair, 
compound microscope, needle, scissors. 

Directions. ^A. Surface Study of the Skin Layers. Ster- 
iUze a needle by holding it in a flame a moment. Rim it 
carefully under the thin outer layer of skin at the base of 
the thumb. (This layer is called the cuticle or epidermis.) 
Does the wound cause any pain? Are there any nerves in 
this layer? Does the wound bleed? Does the epidermis 
contain any blood vessels? With the needle tear off a little 
of this epidermis. What is its color? consistency? Where 
is it thickest on the hand? Why? Where else on the body 
do you find similar thickening? 

What is the color of the skin layer {dermis) under this 
epidermis? Prick it with the needle. Is it sensitive? 
Does it contain blood vessels? Examine its surface and note 
that it is ridged. A magnifier will show that these ridges 
are made up of a series of points, or papillce. (Each papilla 
marks the end of a nerve of touch. These nerve endings 
are called on that account tactile organs; see Fig. 45.) 



!i> 
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EXCRETION 



Hck Up a little of the skin between the fingers. Is it at- 
fcached to the underlying muscles? About how thick is it 
on the back of the hand? on the base of the thumb? 




Fill. 45.— DiBgrBTo of 8kin Sectioi 



B. Microsco-pic Study of a Section. Study the i 
slide, under the high power. Note tlie layer character of 
the epidermis, the papillce with their blood vessels, the coiled 
sweat glands and their ducts (thick sections show these best). 
Sketch and label all parts of your drawing as in the dia^ 
gram. 

Compare the action of the sweat glands with that of the 
tubuli uriniferje (uriniferous tubules) of the cortex of the 
kidneys. AVhen do we perspire most? Why does exercise 
increase the amount? 'What is one function of the 
.skin? 

C. Study of Skin Modifications, {a) Hairs. Note the 
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location of hair on the head. What is its function? Ex- 
amine one of the hairs on the back of the hand. Cut it. Is 
■ it sensitive? Pull it. Where is 

I the sensitive portion located ? 

_,,.^JB^ Wliere is the seat of growth ? 

~~^ What part of the skin is it most 
; like? 

Study the shde showing a ver- 
tical section of a hair, under the 
low power of the microscope. 
Note that the hair is imbedded at 
the base in a skin follicle, and 
grows from a skin ■papilla at the 
bottom of this follicle. Note also 
the sebaceous or oil glands that 
serve to coat the hair with oil. 

(b) Nails. Make a drawing of 
your finger nail, showing aU areas. 
What parts are attached to the 
skin? Why is tlie part under the 
nail called the "quick"? What is 
one function of the nail? Cut 
it. Is it sensitive ? Pull it. 
Where is its sensitive part located? 
How does it compare with the hair 
in this respect? Cut a nick in it 
and examine it from day to day, 
Fa 48— Hair-foiiipie inLon ■- ^^^^ '^^ change position? Where 

iDdmal Section: h. hair akaft, doCS the gTOWth of the Hail OCCUT? 

i.^IwJua aland; V^Bh^dl Tabulate all the functions of 
of Bkin; /, fatty tinrae. (At the hairs, nails, and skin that vou 

baseof the bajr is seen ^^^ , \ \ 

papui» that rocma it.) QEtve Aeamed. 
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LXIII. — Dissection of Sheep's Brain, 



Apparatus. — Sheep's head, bone forceps, hammer, scalpel, needle, 
I forceps, 50% alcohol. 

Directions. — A. To Remove Brain from Skull. Strike 

tiie top of the skull with the hammer so as to crack the 

I bone, but not to force it into the brain; and then carefully 

love the pieces with the bone forceps. Be careful not 

[ to injure the underlying membrane {dura mater) which 

a the skull and covers the brain. After the top of the 

I skull is removed slit this dura mater around the edge, and 

' remove it, exposing the brain. Note that over the surface 

of the brain is another membrane, the pia niater. Now 

carefully lift the brain from the floor of the skull, beginning 

at the front. Notice that it is boimd by nerves and portions 

of the dura mater. Cut these nerves, leaving as long ends 

I as possible, and do not cut off the olfactory lobes which 

[ on the under aide of the brain. Place the brain in 50% 

alcohol to harden, for several days.' 

B. The Coverings of the Brain. Tear off a httle of the 
I dura niater with the forceps. Does it tear easily? Ai^ 
[ both sides of it smooth? Where are its blood vesselaj 
I What do they feed? 

I Pick up a little of the pia mater (brain cover) with the 
[ • Preserve tlie skull, with eyea, for use in Ex. LXX. 



I 
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needle point. Is it thicker' or thinner than the dura mater? 
\\Tiere are its blood vessels? What do they feed? What 
are the functions of the three coverings of the brain? 
C. The External Paris of the Brain. Examine the top of 
the brain. Note the two 
convoluted hemispheres into 
which the fore brain {cere- 
brum) is divided by a fissure 
{the longitudinal fissure). 
Back of this appeare the 
wrinkled surface of the hind 
brain (cerebellum). Is tliis 
divided? 

Turn the brain over and 
examine the lower surface. 
Note the olfactory lobes on 
the front part of the hemi- 
spheres. What is their func- 
tion? Back of tliese, locate 
the op(ic nerves and note how they cross to fonn a chiasma, 
so that the right eye is controlled by the left hemisphere, and 
vice versa. Just back of this may be seen the pons, or bridge, 
that connects the two sides of the cerebellimi, and, coming 
out in front of it on each side, the stalks (crura cerebri) which 
spread out into the two hemispheres of the cerebrum. 
Note that the stalks are the forward projections of a conical 
spinal bulb, wliich comes between the cerebellum and the 
pons, and is continued backward into the spina) cord. 
This bulb is a part of the hind brain, and is called the me- 
dulla. All along the under side of the brain are located the 
cranial nerves, occurring in pairs. Beginning at the front 
Jocate the pairs named in the following table : 
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Sight — SenaOfy 
Eye Husdea— Motor 
Eye Muscl 61— Motor 
Facial— Sensory and MqI. 
Eye Muflclos— Motor 



Spiiu] ADCQHBary 
HyiHglodflaL 



D. Vertical Section {right side). Cut the brain through 
I lengthwise, parallel to the line of the longitudinal fissure, but 
I ooe-foxteenth of an inch to the left of this line in order not 
I to cut the septum. Examine the right side. Note the 
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white, fibrous body (corpits callosum) which unites the two 
hemispheres. In the front part of this are seen the thin 
membranes (septum lucidum) which inclose between them 




a portion actually outside the brain, "but often called the 
"fifth" ventricle. Below this is the fornix, which forms the 
roof of a true brain cavity — the third ventricle — whose 
sides are the opiic thalami. This ventricle projects forward 
into a funnel called the injundihulum. In the center of this 
ventricle is a round body (the median commissure) which 
was cut tlirough by tlie section. In front of this is a 
small aperture (the foramen of Monro) that connects this cav- 
ity with a cavity in the right hemisphere. The floor of the 
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third ventricle is formed by the crura cerebri, which extend 
backward, between the pons and cerebellum, into the spinal 
bulb or medulla, and this, in turn, backward into the spinal 
cord. At the back of the third ventricle note that a tube or 
canal (ciqueduct) connects it with a much smaller cavity (the 
fourth ventricle) just under the cerebellum. Four Httle 
bodies (the corpora quadrigemina) form the roof of this tube 
between the fornix and cerebellum. Note the tree-hke inter- 
nal structure of the cerebellum. What causes its wrinkled 
surface? 

Note the gray and the white matter that make up the 
cerebrum. Where is the gray matter located? the white? 

Note.— The first ventrirle in the olfactory lobes and the lateral 
ventricle may be ahown by suitable sections, if desired, and the re- 
lation of these may be brought out by the aid of diagrams of the 
Bimple brain structure. 



LXIV. — Dissection of Spinal Cord, 

ippanttiiB. — Thin section of cervical portion of spinal cord, glyc- 
erine, slides, cover glass, compound microscope. 

Directions. — (Prepare sections by placing a piece of the 
cervical spinal cord for three or four weeks in Muller's fluid 
[2 J parts of potassium bichromate, 1 part of sodium sulphate, 
100 parts of water]. Then wasli it with water and place it 
in 30% alcohol for a few days. Then transfer it to 95% 
alcohol. Cut a thin cross section and mount it in glycerine. 
Cover it with a cover glass). 

Examine under the low power. Note the outer covering 
erf ■pia maler. Note the distribution of the gray and white 
matter. Sketch it. Is it the same as in the brain? Note 
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the division into two parts by a deep anterior, and shallow 
posterior fissure. Note also two fissures in each half (an- 
terior and posterior lateral) through which the central gray 
mass reaches the surface. The gray masses in each half of 




the cord may be seen to be united by a commissure that 
incloses the central or neural canal. Note the cellular char- 
acter of the gray matter. The gray matter that forms the 
posterior horns forms the core of spinal nerves of the sort 
called afferent. The anterior horns form the core of effer- 
ent nerves. (Afferent nerves carry messages to the cord, 
efferent away from it.) The white matter covers these and 
they unite outside in a common spinal nerve. (See Fig. 50.) 
For structure of a neuron, see Ex. XXVIII. 




AppiratDb — A stop watch, pencil, paper. 

IHrectlons. — Let the teacher write a vowel on a piece of 
paper which he shall keep covered. Arrange the class in a 
circle. Station a boy beside the teacher with a stop watch. 
Proceed as follows: The teacher shows the vowel to the 
pupil on his right, who whispers it to the pupil on his right aa 
quickly as possible, and so on around the circle to the teacher 
again. All this as rapidly as possible. Let the boy with 
the watch release the stop at the second when the teacher 
exposes the letter to the pupil on his right, and stop it again 
when the last pupU repeats the letter to the teacher. Divide 
the time elapsed by the number of pupils. The result will 
represent the average reaction time of each pupil. Change 
the arrangement of the pupils and note whether the time 
varies. What muscular action does each pupil perform in 
receiving and transmitting the sound? What sensory nerves 
are employed? what motor nerves? 

Note. — -In order to bring out varioua sensation reactions this ex- 
periment may be varied in many ways which will suggest them- 
selves to the teacher. 
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LXVI. — Cutaneous Sensations. 

Apparatus. — A pair of metal compasses, toothpicks, a dish of 
boiling water, a dish of ice water, pen and ink. 

Directions. — One pupil should operate, another acting 
as subject. The subject should be blindfolded. 

A, Touch, Sharpen the ends of the toothpicks and tie 
one to each arm of the compass. What is the least distance 
apart at which the two points may be held and felt as two 
points, when applied to the tips of the fingers? the tip of the 
tongue? back of the hand? forearm? back of the neck? 
Record the results. Are all parts of the body equally 
sensitive to touch? Which parts are most sensitive? 

B, Temperature, Dip a metal point of the compasses in 
cold water and move it lightly over the back of the hand. 
Does it feel equally cold to all parts of the skin? Mark 
with an ink dot those points where the sensation is most acute. 
Now dip the metal point in the hot water and move it over 
the same area. Locate, as before, the spots where sensation 
is most acute. Do the hot and cold spots coincide? What 
do you conclude about the temperature sensation power 
of the skin? Is it a general or a localized sensitive power? 
Test other areas of the body in the same way. Are the 
temperature spots equally nimierous in all parts? Where 
are they most nimierous? least numerous? 

LXVII. — Study of the Tongue. 

Directions. — ^Protrude the tongue as far as possible and 

with the aid of a mirror examine its surface. Note the 

raised points (the papillce) on the surface. Observe that 

ibey are of three forms: long and a\eviAfcx (](iK(orm), mush- 
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room-topped (fungiform), and large and wartlike (circum- 
vaUate). Draw an outline of the tongue and locat« on it 
the regions where these different forms are to be fomid. 

LXVIII. — Sensations of Taste and Smell. 



Ipparatna.— Onion, sugar, salt, vinegar, dilute ammonia, quinine. 

Directions. — A. Location of Taste. Wipe the tongue 
dry and place on its tip a httle dry sugar. Has it any taste? 
Let it dissolve. Has it any taste now? Repeat, placing 
the sugar at the back of the tongue. Is its sweetness more 
or less prominent? Repeat again, using quinine, vinegar, and 
salt successively. Where are the sensations of bitterness, 
sourness, and saltiness most prominent? 

B. Taste and Odor. Examine the various substances 
named under " Apparatus." Which have taste? odor? 
Place each of these substances on the tongue of a pupil 
who has been previously blmdfolded, and who is holding 
his nose tightly. Record the substances recognized by 
taste alone. Repeat, leaving the nose free but retaining the 
blindfold. Record those substances recognized by smell 
alone; by taste and smetl combined. 

LXIX, — Heahing; Laws op Sound (Optional), 

ApparatiiH. — Stretched wire, bridge to sborten length. 

Directions — A. Strike the wire. Do you get any soimd? 
What is the wire doing? All sound depends upon vibra- 
tion: test several sounding bodies to verify this statement. 

B. Move the bridge to the middle point of the wire and 
strike again. Is the pitch higher or lower? Does a short 
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string vibrate faster or slower than a long one? What effect 
has rate of vibration on the pitch of a sound? 

C, Strike the wire gently. Note the distance at which 
the sound can be heard. Strike harder. Is the tone louder 
or softer? Can it be heard at a farther distance? Does it 
vary in pitch? What effect on sound does extent (ampli- 
tude) of vibration have? 

D. Stand at the point where you can just hear the tick- 
ing of a watch. Now make a conical tube of paper and 
insert the small end in the ear. Point the large end toward 
the watch. Can you hear it any better now? What part 
of the ear serves a purpose similar to that of the tube? 

LXX. — ^Vision; Dissection of Sheep's Eye. 

Apparatus. — Sheep's skull with eyes in socket (the skull used 
in Ex. LXIII will serve for this purpose), scalpel, scissors, bone 
forceps, evaporating dish. 

Directions. — Cut away, with the bone forceps, the bones 
that inclose the eye, so that it may be seen in position from 
the side. 

A, Muscles, Notice that the motion of the eyeball is con- 
trolled by six muscular bands. Locate the attachment of 
four of these bands on the top {superior rectus) y bottom 
{inferior rectus), side near nose {internal rectus) , and side 
farthest from nose {external rectus). Note that these ex- 
tend directly backward to the end of the socket and have 
their origin there. What motions do these muscles give to 
the eyeball? Now locate on the top of the eyeball the at- 
tachment of a transverse band of muscle (the superior ob- 
lique) and follow its course, through a tendon pulley, to 
lis origiD at the back of the socket. In what direction 
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the lens, a black, ridged membrane (the dliary process) ; the 
jelly-like mass that fills the body of the eye (vitreous humor) ; 
the three layers of the wall of the eyeball — outer (sclerotic), 
middle (choroid), imier (retina). 

Note that the optic nerve pierces the two outer coats and 
spreads out to form the retina. Remove the vitreous humor 
and notice the soft, whitish retina. Tear this out with the 




., . . . , ,-....- i9c1b« and ligwnont; 

CP, ciliary process; V, 1 

forceps and note its consistency and thickness. Under this 
observe the color and luster of the choroid coat. When 
this is torn out, the interlacing blood vessels are seen passing 
from one layer to the other. 

LXXI. — Action op the Etb. 
ApparatDS* — Model of eye. 
Directions. — Construct a model of the eye as follows: 
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Obtain a wooden box eighteen or twenty inches long and 
about eight inches wide and deep. Leaving one side open, 
paint the inside of the box black. Around the open side 
tack a piece of black cloth large enough to cover the head 
of the observer and shut out the Ught from the interior of 
the box. At one end of the box cut a hole one inch in di- 
ameter. Cut several black cardboard disks to fit this aper- 
ture, and perforate their centers with holes varying from 
one-sixteenth to one-half inch in diameter. Moimt a con- 
vex lens in a movable holder which can be moved forward 
and backward on the floor of the box, and which will bring 
the center of the lens opposite the center of the hole. Moimt 
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a piece of groimd glass in the same way to serve as a screen. 
Arrange all parts as in Fig. 52. 

The cardboard disks will then correspond to the iris with 
its pupil; the walls of the box to the sclerotic; the black 
paint to the choroid (what is its fimction?); the lens to 
the crystalline lens, and the screen to the retina. A watch 
glass placed on the aperture would resemble the cornea. 

A. Action of Parts, Darken the room and place a Hghted 
candle at a distance of three feet from the aperture. Place 
in the aperture the disk with one-quarter inch perforation. 
Cover head with cloth and place screen at the rear of the 
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box. Now move the lens back and forth until there ap- 
pears on the screen a sharp image of the candle flame. Is 
it right side, up? What is the function of the lens? Mark 
position of lens and screen. Move the candle three feet 
farther away. Does the image remain on the screen? Keep- 
ing the lens fixed, move the screen forward in the box until 
the distinct image appears again. Return the screen to its 
original position and, by moving the lens, cause the same 
result — an image on the screen. Which is adjustable in 
the eye — the screen (retina) or lens? How is the lens ad- 
justed in the eye? (This adjustment of the lens to the dis- 
tance of objects is called accommodation.) Change the disks 
in the aperture, using first larger and then smaller openings. 
Which gives the brightest image? What is the function of 
the iris? 

Note. — By using external lenses as "spectacles," short- and long- 
sightedness can be corrected and illustrated. 
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LXXII. — Study of Bacterla. 

Apparatus. — Hay, milk, meat, test tubea with corks to fit, slides, 
cover glasses, compouod microscope, sterilized absorbent cotton, 
methyl green, corrosive sublimate. 

Directions.— A. Prepare three test tubes as follows: 
Put in one some pieces of chopped hay and cover with water; 
in the second some milk; in the third some meat, covered 
with water. Let these stand uncovered, in a wami place, 
for several days. Describe the changes that take place in 
the appearance and odor of the contents. Note the scum 
that appears on the surface. Mount some of this scum on 
a slide and cover witli a cover glass. Examine with the 
high power of the microscope. Note the masses of moving 
forms {bacteria) that make up this scum. Sketch the shape 
of some of these bodies. (If a drop of methyl green be run 
under the cover glass, the structure will be clearer.) 

B. Prepare four tubes as follows: Fill each tube with 
milk. Pack one in ice; leave the top open and label it 
No. 1. Boil the contents of the second, stopper with a cork 
that has been boiled in water, and leave in a warm place; 
label this No. 2. Boil the contents of the third one and 
stopper with sterilized absorbent cotton ; label this No. 3. 
Place No. 3 with No. 2. Place the fourth, labelled No. 4, in 
a warm place, uncorked. After several days examine the 
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four tubes. In which is the milk still fresh? What is 
the efifect of heat on bacteria? of cold? 

Remove the stopper from No. 2 and the ice from N^o. 1, 
and place with No. 3 for several days longer. After that 
time examine the tubes. In which is the milk still fresh? 
From these experiments, what are your conclusions as to 
the source of bacteria? Is air that is freed from bacteria 
by being strained through cotton, a cause of decay? 

C. Prepare two tubes as follows: Boil some milk and fill 
two tubes that have been previously boiled in water. Stop- 
per with steriUzed cotton and allow the tubes to cool to 
room temperature. Now introduce into one tube some scum 
from the hay infusion and restopper quickly. Set it in a 
warm place. Prepare a two per cent solution of corrosive 
sublimate. Mix a teaspoonful of this with some scum from 
the hay infusion and let it stand for ten minutes. Then 
introduce this into the second tube and stopper again quickly 
with the cotton. Place it with the other tube. Examine 
after a day. In which tube has the milk decomposed? What 
must the corrosive subUmate have done to the bacteria? 
What substance may be used to kill bacteria in place of 
heat? Killing bacteria by heat is called steriHzing; chemical 
substances that perform the same action are called antisep- 
tics. What are some of the common antiseptics? 

Summarize your results imder the following heads: (1) con- 
ditions favorable to bacteria growth ; (2) conditions imfavor- 
able to bacteria growth ; (3) methods of killing bacteria. 
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Overton's Applied Physiology 



By frank OVERTON, A.M., M.D. 
Late House Surgeon in the City Hospital, New York City. 

OVERTON'S APPLIED PHYSIOLOGY— Primary ... 30 centt 
OVERTON'S APPLIED PHYSIOLOGY— Intermediate . . 50 cents 
OVERTON'S APPLIED PHYSIOLOGY- Advanced . . 80 cents 

These books form a complete series for the study of 
physiology in all grades. The Primary Book follows a 
natural order of treatment and presents the elementary 
facts and principles of physiology in so simple a way 
as to bring them within the comprehension of children. 
The Intermediate Book is designed to be a complete 
elementary text-book in itself and an introduction to 
the advanced study of anatomy and physiology. The 
Advanced Physiology is designed to meet the require- 
ments of teachers and schools for a text-book of Physiology 
and Hygiene for Higher Grades, which should combine the 
latest results of study and research in biological, medical, 
and chemical science and the best pedagogical methods of 
science teaching. The book represents a new and radical 
departure from the old-time methods pursued in the 
teaching of physiology. 

The fundamental principle of the series is that the 
study of anatomy and physiology should be the study of 
the celly from the most elementary structure in organic 
life, to its highest and most complex forms in the human 
body. The effects of alcohol and other stimulants and 
narcotics are treated very fully in each book of the series. 

Illustrations and outline diagrams are inserted wherever 
needed to explain the text. 



Copies of Over tan* s Physiologies will be sent^ prepaid^ to any address on 

receipt of the price, 

American Book Company 

New York ♦ Cincinnati Chicago 
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Gateway Series of English Texts 

General Editor, HENar vas Dtee, Princeton University 

The English Texts which are required for entrance to college, 
edited by eminent authoritieE, and presented in a clear, helpful, 
and interesting form. A list of the volumes and of their editors 
follows. More detailed information will be gladly supplied on 
request. 

Shakespeare's Merchant of Venice. Professor Felix E. Schelling, 

University of Pennsylvania. 35 cents. 
Shakespeare's Julius Ciesar. Dr. Hamilton W. Mabie, '"The 

Outlook." 35 cents. "" 

Shakespeare's Macbeth, Professor T. M. Parrot, Princeton 

Hilton's Minor Poems, Professor Mary A. Jordan, Smith 
College. 35 cents. 

Addison's Sir Roger de Coverley Papers. Professor C. T. Win- 
chester, Wesleyan University. 40 centB. 

Goldsmith's Vicar of Wakefield. Professor James A. Tufts, 
Phillips Exeter Academy. 45 cents. 

Burke's Speech on Conciliation, Professor William MacDonald, 
Brown University. 35 cents. 

Coleridge's The Ancient Mariner. Professor Geo. E. Wood- 
berry, Columbia University, 30 cents. 

Scott's Ivauhoe. Professor Francis H. Stoddard, New York 
University. 50 cents, 

Scott's Lady of the Lake. Professor R. M. Alden, Leland Stan- 
ford Jr. University. 40 cents. 

Hacaulay's Milton. Rev. E. L. Gulick, Lawrenceville School. 
35 cents. 

Macaulay's Addison. Professor Charles F, McClumpha, Uni- 
versity of Minnesota, 35 cents. , 

Carlyle's Essay on Burns. Professor Edwin Mims, Trinity 
College, North Carolina. 35 cents. 

George Eliot's Silas Marner. Professor W. L. Cross, Yale 
Unive;-sity. 40 cents. 

Tennyson's Princsss. Professor Katharine Lee Bates, Wellesley 
College, 40 cents. 

Tennyson's Gareth and Lynette, Lancelot and Elaine, and The 
Passing of Arthur. Dr. Henry van Dyke, Princeton Uni- 
versity. 35 cents. ^ 

Macaulay's Life of Johnson. Professor J. Scott Clark, North- 
1 University. 33 cents. 
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THE MODERN 
MATHEMATICAL SERIES 

FOR COLLEGES AND SECONDARY SCHOOLS 



n Coraell Unlvir^tT 



ABALYTIC GEOMETRY 

By J. H. Tanner, Ph.D., Assistant Professor of Mathe- 
matics, Cornell University, and Joseph Allen. A.M., Instruc 
tor in Mathematics in the College of the City of New 
York. Cloth. 8vo, 410 pages $3.00 

DIFFEREHTIAL CALCnLHS 

By James McMahon, A.M., Assistant Professor of Mathe. 
matics, Cornell University, and Virgil Snyder, Ph.D., 
Instructor in Mathematics, Cornell University. Cloth, Svo, 
351 pages 99.00 

IHTEGRAL CALCULUS 

By D. A. Murray, Ph.D., Professor of Mathematics, Dal- 
housie College. Cloth, 8vo, 803 pages $3,00 

DIFFEREITTIAL AlTD IITTEGRAL CALCULUS 

By Virgil Snyder, Ph.D., Instructor in Mathematics, Cornel! 
University, and John Irwin Hutchinson, Ph.D., Instructor 
in Mathematics, Cornell University. Cloth, 8vo, 820 
pages" $3.00 

ELEMEKTARY GEOMETRY— PLANE 

By James McMahon, Assistant Professor of Mathematics 
in Cornell University. Half leather, 13mo, 868 pages, $0.00 

ELEMEHTARY ALGEBRA 

By J. H. Tanner, Ph.D., Assistant Professor of Mathematics, 
Cornell University. Half leather, 8«o, 374 pages . , $1.00 

ELEMEHTARY GEOMETRY— SOLID 

By James McMahon, (In preparation.) 

ALGEBRA FOR COLLEGES 

By j. H. Tanner. (In preparation.) 

The advanced books of this series treat their subjects in a 
nay that is simple and practical, yet thoroughly rigorous and 
atttactive to both teacher and student. They meet the nccdB 
of students pursuing courses in engineering and architecture in 
any college or university. The elementary hoolts are designed to 
implant the spirit of the other books into secondary schools, and 
will make the work in mathematics, from the very start, contin- 
uous and hi- = — - 
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HART'S ESSENTIALS IN 
AMERICAN HISTORY 



Half-leather, gm., 631 pages, with maps and iilustrations 

Price, $1.50 

This teit-book has been prepared with special reference to 
the report of the Committee of Seven, which recommended that 
Uriied Stales history should be studied in the fourth year of 
the high school. The requirements exacted by colleges for 
entrance and by the Regents of the University of the State of 
New York have been borne in mind in its preparation. 

The purpose of ihe volume is to present an adequate descrip- 
tion of ail essential things in the upbuilding of the country, and 
to supplement this by good illustratiGns and maps. Political 
geography, being the background of all historical knowledge, is 
made a special topic, while the development of government, foreign 
relations, the diplomatic adjustment of controversies, and social and 
economic conditions have been duly emphasized. Much atlendon 
is paid to the causes and results of our various wars, but only the 
most signilicant battles and campaigns have been described. The 
book aims to make distinct the character and public service of some 
great Americana, brief accounts of whose lives are given in special 
sections of the text. 

With few exceptions, the illustrations arc all pictures of ai 
objects, and have been chosen with great care. Besides a serii 
general maps there are many special maps illustrating boundary 
troversies, campaigns, etc. The aids to the teacher include 1 
fully prepared topics for the pupils' study and collateral reading, 
and lists of references to selected books. 
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Lessons in Physical Geography 

By CHARLES R. DRYER, M.A., F.G.S.A. 
Professor of Geography in the Indiana State Normal School 



Half leather, 12mo. Illustrated. 430 pages. . . . Price, $1.20 



EASY AS WELL AS FULL AND ACCURATE 

One of the chief merits of this text-book is that it is simpler than 
any other complete and accurate treatise on the subject now before th& 
public. The treatment, although specially adapted for the high school 
course, is easily within the comprehension of pupils in the upper grade 
of the grammar school. 

TREATMENT BY TYPE FORMS 

' The physical features of the earth are grouped according to their 
causal relations and their functions. The characteristics of each group 
are presented by means of a typical example which is described in unusual 
detail, so that the pupil has a relatively minute knowledge of the type form. 

INDUCTIVE GENERALIZATIONS 

Only after the detailed discussion of a type form has given the pupil 
a clear and vivid concept of that form are explanations and general prin- 
ciples introduced. Generalizations developed thus inductively rest upon 
an adequate foundation in the mind of the pupil, and hence cannot 
appear to him mere formulae of words, as is too often the case. 

REALISTIC EXERCISES 

Throughout the book are many realistic exercises which include both 
field and laboratory work. In the field, the student is taught to observe 
those physiographic forces which may be acting, even on a small scale, 
in his own immediate vicinity. Appendices (with illustrations) give full 
instructions as to laboratory material and appliances for observation and 
for teaching. 

SPECIAL ATTENTION TO SUBJECTS OF HUMAN INTEREST 

While due prominence is given to recent developments in the study, 
this does not exclude any link in the chain which connects the face of the 
earth with man. The chapters upon life contain a fuller and more 
adequate treatment of the controls exerted by geographical conditions 
upon plants, animals, and man than has been given in any other similar 
book. 

MAPS AND ILLUSTRATIONS 

The book is profusely illustrated by more than 350 maps, diagrams, 
and reproductions of photographs, but illustrations have been used only 
where they afford real aid m the elucidation of the text. 
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Important Text-Books in Rhetoric 



BEGIHNINGS OF RHETORIC AND COMPOSlTiON . $1.25 

This book is designed primarily to meet the needs of pupils in sec- 
ondary schools who are learning to express thernselycs with the pen ; 
at the same time it contaics so much information that is new in 
presentation and permanent in value that it la well adapted to more 
, mature minds. Recognizing the fact that these needs can not be 
adequately supplied by treatises on the theory or the science of 
rhetoric, by cut and dried methods of instruction, or by diagrams, 
skeleton essays, or other mechanical devices, this work aims rather 
to stimulate the pupils to put their natural selves into all that they 
write. It helps them to remove the many obstacles that lie between 
thought and eipression and shows the young writer how to present 
what he has to say in the best English within his reach and in the 
form best adapted to his purpose. No supplement with exercises is 
required in connection with this work, as the book is complete in 
itself. Nearly two hundred exercises are introduced to aid in the 
most practical way those who are traversing the ground between 
school grammar and advanced rhetoric. 

FOUNDATIONS OF RHETORIC .... $1.00 

The object of this book is to train boys and girls to say in written 
language, correclly, clearly, and edectiveiy. what they have to aay. 

Lit takes cognizance of faults such as those who are to use it are 
likely to commit, either from ignorance or from imitation of bad 
models, and of merits such as are within their reach It gives a 
minimum of space to technicalities and a maximum of space to 
essentials. In language singularly direct and simple it sets forth 
fundamental principles of correct speaking, and accompanies each 
rule with abundant illustrations and examples, drawn from practical 
sources. It gives precisely the kind of training which young minds 
need to enable them to discriminate between gooU and bad forms of 
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PRINCIPLES OF RHETORIC $1.20 

This popular work has been almost wholly rewrilt-n, and is enlarged 
by much new material. The treatment is based on the principle 
that the function of rhetoric is not to provide thb student of compo- 
sition with materials for thought, nor yet lo lead him to cultivate 
style for style's sake, but to stimulate and train his powers of 
expression — to enable him to say what he has to say in- appropriate 
language. Deficiencies that time has disclosed iiave been supplied. 
'■ " latment of each topic adapted to present needs, and the book 
revised form has been made more serviceable. 
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